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It will be recollected that Messrs. M. EF. | 
Vicaire and Sainte-Claire Deville read 
some papers before the Academy of Sci- 
ences at Paris, last January, showing that | 
the temperature of the solar surface does | 
not exceed that produced by the combus- | 
tion of organic substances. Their rea- 
soning being based on the law of radiant | 
heat, established by the investigations of | 
Dulong and Petit, I have, in the mean-| 
time, instituted a series of experiments on 
a comparatively large scale, in order to | 
test the correctness of the said law. Ac- 
cordingly, the dynamic energy developed 
by the radiation of a mass of fused iron 
weighing 7,000 lbs. raised by “ overheat- 
ing” in the furnace to a temperature of | 
3,000 deg. F., has been carefully meas- 
ured. 

Sir Isaac Newton assumed that the 
quantity of heat lost or gained by a body 
in a given time is proportional to the dif- 
ference between its temperature and that 
of the surrounding medium. Some emi- 
nent scientists, however, accepting Du- 
long’s conclusions and formula, assert 
positively that the stated assumption is 
incorrect. In so doing they apparently 
overlook the conditions inseparable from 
the Newtonian doctrine, namely, that the 
conducting power of the radiating body 
should be perfect; that at every instant 
the temperature pervading the interior 





mass should be transmitted to the sur- 
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face.* It needs no demonstration to 
prove that if the conducting power of a 
body be so perfect that the temperature 
of the centre is at all times the same as 
that of the surface—in other words, that 
the fall of temperature at the centre, oc- 
casioned by radiation, is as rapid as the 
fall of temperature at the surface, the rate 
of cooling of such a body will be very dif- 
ferent from that observed by Dulong and 
Petit. The investigation instituted by 
those experimentalists has in reality es- 
tablished only the degree of conductivity 
of the radiators employed, under certain 
conditions, but by no means their true 
radiant energy at given temperatures. 
M. E. Vicaire and Sainte-Claire Deville, 
therefore, commit a serious mistake in 
assuming that the quantity of heat trans- 
mitted by the radiation of incandescent 
bodies at high temperatures has been de- 
termined. It may be observed that the 
relation between the time of cooling and 





*The writer has just completed a set of experiments witha 
spherical! radiator, 2.75 in. in diameter, composed of very thin 
hammered copper, charged with water kept in motion by a 
wheel applied within the sphere, revolving at a rate of 30 
turns per minute, the centrifugal action of which brings the 
particles of the central portion of the fluid so rapidly in con- 
tact with the thin spherical shell, that the apparently absurd 
condition of perfect conductivity has been practically fulfilled, 
The result of carefully conducted experiments with this radia- 
tor, enc'osed in an exhausted vessel kept at a constant tem- 
perature, has established that Newton’s law relating to radi- 
ant heat, up to a differential temperature of 100 deg. Fahr. 
(beyond which the investigation has not extended), is rigor- 
ously correct. The subject will be fully discussed in a future 
article. 
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the quantity of heat transmitted by radi- 
ation which Dulong and Petit established, 
also misled Pouillet regarding the tem- 
perature of the solar surface, which he 
computed at 1,461 deg. C., or at most 
1,761 deg. C. It will be well to bear in 
mind that Pouillet had himself ascer- 
tained with considerable accuracy the 
temperature produced by solar radiation 
on the surface of the earth; and also the 
retardation suffered during the passage 
of the rays through the terrestrial atmos- 
here. He was therefore able to demon- 
strate that the dynamic energy developed 
by solar heat amounts to nearly 300,000 
thermal units per minute for each sq. ft. 
of the surface of the sun. Considering 
the imperfect means employed by Pouil- 
let, his “ pyrheliometer,” the exactness of 
his determination of solar energy is re- 
markable. The truth is, however, that 
the near approach to exactness was some- 
what fortuitous, the eminent physicist 
having underrated the energy of radiant 
heat on the surface of the earth, while 
proportionately over-estimating the re- 
tarding influence of the terrestrial atmos- 
phere. The true dynamic energy devel- 
oped by radiation at the surface of the 
sun, exclusive of the absorption of the 
solar atmosphere—no doubt exceedingly 
smal]—determined by the solar calorime- 
ter mentioned in a previous article, is 
312,500 thermal units per minute upon 
an area of 1 sq. ft. It will be proper to 
notice that this amount is not a mean re- 
sult of a number of observations, but the 
greatest energy developed at any time 
during observations continued upwards 
of 3 years, namely, February 28, 1871. 
It will be proper to add that this result 
has been withheld from publication until 
it could be verified by a second observa- 
tion indicating an equal energy. Fortu- 
nately the sky at noon, March 7, 1872, 
proved to be as clear as on the previous 
occasion referred to, the indicated energy 
differing only a few hundred units from 
that developed February 28, 1871. 
Temperature being a true index of 
molecular and mechanical energy, conclu- 
sively established by the exact relation 
between the degree of heat and the ex- 
pansive force of permanent gases under 
constant volume, it is surprising that 
Pouillet did not perceive that an intensi- 
ty of 1,461 deg. C. or 1,761 deg. C., could 
not possibly develop on a single sq. ft. of 





surface the enormous energy represented 
by 300,000 thermal units per minute. M. 
Vicaire, adopting, like Pouillet, Dulong’s 
formula, states in the paper presented to 
the French Academy that “an increase of 
600 deg. is sufficient to increase the radi- 
ation a hundred fold ;’ and that Pouillet 
has verified Dulong’s law to more than 
1,000 deg. “Supposing,” he observes, 
“that beyond this temperature the law 
ceases to be true, it cannot be absolutely 
remote from the truth for the tempera- 
tures of from 1,400 to 1,500 deg., which 
we deduce by adopting the law.” Sainte- 
Claire Deville concludes his essay on so- 
lar temperature thus: “In accordance 
with my first estimate, I believe that this 
temperature will not be found far re- 
moved from 2,500 to 2,800 deg., the num- 
bers which result from the experiments of 
M. Bunsen, and those published long ago 
by M. Debray and myself.” The French 
savans then agree that the temperature of 
the surface of the sun does not exceed the 
intensity produced by the combustion of 
organic substances, their grounds for this 
assumption being, as we have seen, Du- 
long’s formula relating to the velocity of 
cooling at high temperatures. But Du- 
long and Petit did not carry their inves- 
tigations practically beyond the tempera- 
ture of boiling mercury ; hence their for- 
mula relating to high temperatures is 
mere theory, the soundness of which we 
have now been enabled to test most ef- 
fectually by measuring the radiant power 
of a mass of fused metal raised to a tem- 
perature of 3,000 deg. F., 30 in. in depth, 
presenting an area of 900 sq. in. 

Before describing the means which have 
been employed in measuring its radiant 
power, let us briefly consider the condi- 
tion of the fused mass during the experi- 
ments. In the first place, the tempera- 
ture has been sufficiently high to pro- 
duce an intense white light, luminous 
rays of great brilliancy being emitted by 
the radiant surface during the trial; (2) 
the bulk of the fused mass being ade- 
quate, the intensity of radiation has been 
sustained without appreciable diminution 
during the time required for observation; 
(3) the temperature being higher than 
thet which the French investigations as- 
sign to the surface of the sun, while the 
bulk, as stated, is sufficient to maintain 
the temperature of the fused mass, it may 
be reasonably asked, why an area of 1 sq. 
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ft. of our experimental radiator should 
not emit as much heat in a given time as 
an equal area on the solar surface, if its 
temperature be that assumed by Pouillet? 
It may be positively asserted, moreover, 
that an increase of the dimensions of our 
radiator to any extent, laterally or verti- 
cally, could not augment the intensity or 
the dynamic energy developed by a given 
area. Again, Dulong’s formula, as ap- 
plied by scientists, shows that the emis- 
sive power of a metallic radiator raised to a 
temperature of 3,000 deg., reaches the enor- 
mous solar emission computed by Pouillet. 

Let us now briefly examine the calori- 
meter constructed for ascertaining the 
mechanical energy developed by the ra- 
diation of the fused mass under consider- 
ation. Fig. 1 represents a vertical sec- 
tion, and Fig. 2 a perspective view; a is a 
cylindrical boiler, having a flat bottom, 
composed of thin sheet-iron 0.012 in. thick, 
coated with Jampblack. The cylindrical 
part of this boiler is surrounded by a 
concentric casing b, the intervening space 
being filled with a fire-proof non conduc- 
ting substance. A horizontal wheel c c, 
provided with six radial paddles, is ap- 


plied within the boiler, attached to a ver- 
tical axle, d. An open cylindrical trunk, 
g, is secured to the perforated dise which 


supports the paddles. The vertical axle 
passes through the top of the boiler, a 
conical pinion being secured to its upper 
termination. By means of a vertical cog- 
wheel, A, attached to the horizontal axle 
k, and geared into the conical pinion, 
rotary motion is communicated to the 
paddles. The centrifugal action of the 
latter will obviously cause a rapid and 
uniform circulation of the water contained 
in the boiler—indispensable to prevent 
the intense radiant heat from burning 
the bottom. The boiler and mechanism 
thus described are secured to a raft, 1 J, 
composed of firebricks floating on the top 
of the fluid metal. By this means it has 
been found practicable to keep the bottom 
of the boiler at a given distance, very near 
the surface of the fused mass, while by 
moving the raft from point to point, 
during the observation, irregular heating 
resulting from the reduction of tempera- 
ture of the surface of the metal, under 
the bottom of the calorimeter, has been 


prevented. The radiant heat being too | 


intense to admit of the axle & being turn- 
ed directly by hand, an 





intervening | 


shaft, 8 ft. long, provided with a crank 
handle at the outer end, has been em- 
ployed for keeping up the rotation of the 
paddle-wheel during the trial. It is 
scarcely necessary to observe, that the 
intervening shaft should be coupled to 
the gear work by means of a “universal 
joint,” to admit of the necessary move- 
ment of the raft. The experiment, repeat- 
ed several times, has been conducted in 
accordance with the following explana- 
tion. The boiler being charged, the 
paddle-wheel should be turned at a mode- 
rate speed while observing the tempera- 
ture of the water, the thermometer em- 
ployed for this purpose being introduced 
through an opening, m, at the top of the 
boiler. The temperature being ascertain- 
ed, the instrument should be quickly 
placed on the raft, and the time noted. 
As soon as vapor is observed to escape 
through the opening at m, the instru- 
ment must be instantly removed, the 
time again noted, and the temperature of 
the water within the boiler ascertained. 
It will be well to keep the paddle-wheel in 
motion until the last observation has been 
concluded. 

The temperature of the fused metal 
having been as high during our experi- 
ments as that of the solar surface com- 
puted by Pouillet and his followers, while 
the thin substance composing the bottom 
of the calorimeter has been brought 
almost in contact with, and consequently 
received the entire energy transmitted by, 
the radiant surface, the reader will be 
anxious to learn what amount of dynamic 
energy has been communicated in a given 
time, ona given area. The desired infor- 
mation is contained in the following brief 
statement :—The necessary corrections 
being made for heat absorbed by the ma- 
terials composing the paddle-wheel, etc., 
the instituted test shows that the tempe- 
rature of a quantity of water weighing 10 
Ibs. avoirdupois has been elevated 121 
deg. F. in 164 seconds (2.73 min.), the 


area exposed to the radiant heat being 
° ‘ 10x121 
63 sq.in. Hence a dynamic energy _" 


144 


63 
has been developed by the radiation from 
1 sq. ft. of the surface of the fused metal 
maintained at 3,000 deg. F., against 
312,500 units developed by the radiation 
of 1 sq. ft. of the solar surface, the tempe- 


1013 thermal units per min., 
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rature of which, agreeably to the calcu- 
lations of the French savans, is less than 
that of our experimental radiator. 

Having thus ascertained practically the 
amount of dynamic energy developed by 
the radiation of a metallic body raised to 
the high temperature of 3,000 deg., we 
have only to show in a similar manner 
the amount of energy developed by a me- 
tallic radiator of a low temperature, to be 
enabled to demonstrate the correctness or 
fallacy of Dulong’s formula. Numerous 
experiments have been made for this pur- 
pose with apparatus of different forms, 
the results having proved substantially 
alike. The device most readily described 
consists of a spherical vessel charged with 
water, suspended within an exhausted 
spherical enclosure, kept at a constant 
temperature. Repeated trials show that 
when the differential temperature is 65 
deg., the enclosure being maintained at 
60 deg., while the sphere is 125 deg., the 
dynamic energy transmitted to the enclo- 
sure by a sphere the convex area of which 
is 1 sq. ft., amounts to 5.22 thermal units 
per minute. The accuracy of this deter- 
mination is confirmed by the fact that du- 
ring the summer solstice, at noon, when 
the sun’s differential radiant intensity is 
65 deg., the solar calorimeter indicates a 
dynamic energy of 5.12 units per minute 
on 1 sq. ft. of surface. 

Our practical investigations, then, show 
that a differential temperature of 3,000 deg. 
develops by radiation a dynamic energy 
of 1,013 thermal units per minute upon 
an area of 1 sq. ft.; and that a differential 
temperature of 65 deg. develops 5.22 units 
per minute upon an equal area. The ra- 
tio of radiant energy at the first men- 
tioned intensity will therefore amount to 
rand = 0.337 unit for each degree of dif- 
ferential temperature ; while for the low 


29 
intensity it will be °— —0.080 unit for 


each degree of differential temperature. 
Consequently, the ratio of the radiating 


energy will beg tt times greater at 


3,000 deg. than at 65 deg. Now, M. Vi- 
_caire, on the authority of Dulong, states 
that the ratio will be a hundred fold 
greater for an increase of only 600 deg. 
According to Newton’s theory, based on 
dynamic laws, the proportion between the 
differential temperature and the radiant 





energy of bodies is constant ; while Du- 
long and Petit, basing their conclusions 
upon an erroneous estimate of the time 
of cooling, assert that the ratio of energy 
increases several thousand times when the 
temperature is increased from 65 to 3,000 
deg. Newton, then, as our experiments 
prove, is incomparably nearer the truth 
than the French experimenters; and pos- 
sibly future research will prove that his 
law, when properly applied, will be found 
absolutely correct. It should be men- 
tioned that the result of our experiments 
with the fused metal compared with the 
result of other experiments with solid 
metals at various temperatures, show that 
the emissive power of cast iron is rela- 
tively greater in a state of fusion than 
when solid, or merely incandescent. This 
observed increase of emissive power, now 
being thoroughly investigated, will no 
doubt account for the deviation from the 
Newtonian law indicated by the preceding 
comparison, which, let us recollect, is 
based upon the difference of radiant en- 
ergy of fused metal at 3,000 deg., and sol- 
id metal at 65 deg. Considering this ex- 
treme range of temperature, and the to- 
tally different conditions of the radiators, 
the observed discrepancy is not too great 
to admit of satisfactory explanation. 

The fallacy of Dulong’s formula relating 
to high temperatures having been conclu- 
sively shown, it will not be necessary to 
examine the calculations of Messrs. M. E. 
Vicaire and Sainte-Claire Deville, present- 
ed to the Academy of Sciences at Paris. 
Besides, the question of solar temperature 
cannot be properly investigated without 
considering the leading points connected 
with the propagation of radiant heat 
through space—a subject of too wide a 
range to be discussed in this article. It 
should, however, be mentioned that the 
result of the measurement of solar inten- 
sity, March 7, 1872, before referred to, 
proves the correctness of our previous 
demonstrations, showing that the temper- 
ature of the surface of the sun is at least 
4,036,000 F. 





ELEGRAPHY IN Frencu Rivers.—Work- 
men have taken up two telegraphic 
cables laid down in the Seine between 
Rouen and Paris, shortly before the siege 
of Paris, to enable the capital, if invested, 
to communicate with the provinces. 
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THE STABILITY OF ARCHES. 


Translated from ‘‘Sonnet, Dictionaire des Mathematiques Appliquées.” 


When an arch is about to give way, the 
effects are generally those represented in 
Fig. 1. At the crown, it opens on the side 


Fia. 1. 


of the intrados; on the flanks, at the ex- 
trados; at the springings, on the side of 
the intrados. It separates into 4 parts, M, 
M’, N, N’. The first two turn about the 
points B and B’, while the others fall out- 
ward, turning about C and C’. If the 
piers are not sufficiently stable they may 
turn with N and N’. In this case the ro- 
tation is about the outer edges of the piers. 
Again the piers may slide horizontally, 
instead of turning. More rarely an effect 
the inverse of the above is observed, as 
shown in Fig. 2. At the crown the open- 


Fria. 2. 


ing takes place at the extrados; on the 


sides, at the intrados; and on the side of | 


the extrados at the springings. In this 
case the two upper portions rise about the 
edges B and B’; and the lower portions 
fall inward about Cand C’. This kind of 
rupture happensin arches that are slender, 
high, and loaded heavily at thesides. To 
prevent this, pendant key-stones are em- 
ployed, intended to increase the weight 


at the crown; and at the same time ser- 
ving to receive ornament, as in Gothic 
churches. 

I. That an arch may be in equilibrium 
| none of the effects above described should 
ensue; and the theory of the thrust of 
arches aims to discover the conditions by 
| which one may be assured of their stabil- 
|ity. In case of an arch symmetrical with 
| reference to a vertical plane through the 
| intrados or extrados, one half of the arch 
| is supposed to be removed, its place be- 
|ing taken by that of the reaction force. 

This reaction is necesarily horizontal, and 
perpendicular to the generatrices. Sup- 
pose Figs. 1 and 2 to represent a right 
section through the middle of the length. 
The mutual actions of the parts may be 
regarded as acting at N; these must be 
equal and opposed; and, as they are sym- 
metrical with reference to the vertical at 
A, they must be horizontal and must act 
in the plane of the figure. 


; : 3. 
Z 


VA 


B 

Ll, 

Let N (Fig. 3) = reaction of right half. 
“ . = its distance from B. 

P = the resultant of exterior vertical forces 


acting on A B. 
= distance of line of action of P from B. 
“ ‘ ‘ “ Cc 


=_ “ ‘ ‘ 
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resultant of exterior forces acting ver- 
tically on BC. 
p’ = distance of P’ from C. 
R = absolute value of mutual reaction be- 
tween AB and BC. 
R.= horizontal projection of R. 
‘“* Ry= vertical ” eiles 
* R’= reaction of pier upon B CO. 
Kt’, and R'j= projections of R’. 


For the equilibrium of the part AB we 
have 


| 


R, = N and Ry, >= P (1.) 


and, taking moments with reference to 
the axis projected at B, 
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NA =PporN ==? (2.) 


For the equilibrium of the semi-arch 
R’, =N gnd R', = P+P’ (3.) 
and, taking moments with reference to 
the axis projected at C, 


NH=P'q+Pp’ 
wi PgtPr 
Nee (4) 


The first of the equations (3) shows that 
the horizontal reaction is transmitted to 
the abutment and is the force constituting 
the thrust. The second shows that the 
abutment also supports the weight of the 
arch and its load. The values (2) and 
(4) being equal, 

P Py+P'p’ 
t a, (5.) 

If this equation is not satisfied the 
static equilibrium of the arch is not as- 
sured. If it holds, then (2) or (4) give 
the amount of thrust. Finally equation (1) 
gives the components of the reaction R at 
B, and consequently the value of R itself. 

Il. The preceding calculation supposes 
the position of the point B to be known, 
i. €., the joint of rapture Bb. This posi- 
tion can be approximately determined by 
one of several methods. Suppose (in Fig. 
3) Aa, Bb, repesents the whole of the first 
nm voussoirs, reckoning from the crown 


P = their weight and load. 

p = distance of the resultant vertical of this 
weight to B. 

N = horizontal reaction at A. 

h = distance of line of N from B. 


That the arch may not open along Bb, 
turning about B, we must have 
Nh>or=Pp. 
te. N> or =P 


Thus +? is the inferior limit of the 


v 
force N, in order that the rupture may 
not take place along Bb. By determining 
this value for different values according 
to the number of voussoirs taken into ac- 
count, the joint corresponding to the max- 
imum value is found; and this is the joint 

of rupture. 
The following method may be employed. 


Differentiate this expression, =, making 


P, p and A vary, and make equal to zero. 





h(Pdp+pdP)—Ppdh=0. 
hdp +hp 4 -pdh=0 


But d P, which is proportional to the 
increase of volume of the arch, is an in- 
finitesimal of the third order, while d p 
and d h are of the first. Hence 

dh ~h 
But if B’ is a point of the intrados in- 
finitely near B, we have 
p=BLh=10,dp=Bi,dh=Bi. 
_Bi_ BI 
**BI=IO 
It follows that B O is in a right line with 
the element B B’; i.e., it is a tangent to 
the intrados curve at B. Hence the joint 
of rupture may be determined by finding 
the point of the intrados where the tan- 
gent is drawn which meets the horizon- 
tal at its intersection with the line of P. 

M. Petit has made out tables of values 
of the angle of rupture for a circular arch. 
We give an extract for an arch. 

R = radius of extrados. 


r = radius of intrados. 
a = angle of rupture. 








R 
= 


or | | oe 
57 17)| 1.60| 63 49 
59 87|| 1.55] 64 3 
61 24| 1.50] 64 9) 
62 53 | 145) 64 5 
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bes 5 gives the maximum angle of rup- 
; 
ture 64° 9’. 

For arches extradosed horizontally we 
have the following table : 








R R 


— 4 S a 
r r 


i } j ° 

2.00) 36 || 1.60) 52 || 1. 

1.90| 39 .55| 54 ‘ 60 |} 1, 

1.80] 44 || 1.50} 56 || 1.30] 61 || 1.10! 65 

1.70, 48 || 1.45) 57 || 1.25) 62 |) 1.05) 69 
| | 























In this case the angle of rupture con- 
stantly increases with the value of a that 


is, the joint of rupture moves further from 
the crown as the arch becomes more 
slender. 
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In arches with elliptical intrados, the 
point B, where the joint of rupture meets 
the ellipse, is sensibly at the same height 
above the springing, as in a circular arch 
with the same thickness at the crown and 
with radius of intrados equal to the semi- 
minor axis of the ellipse. 

The same observation applies to basket- 
handle arches. In circular arches, pro- 
perly speaking, there is no joint of rup- 
ture ; since in practice the semi-angle of 
span, 7. e. the angle between the radius 
drawn from the point of springing and 
the vertical, is generally smaller than the 
corresponding of rupture in a full centre- 
arch, having the same radii of intrados 
and extrados. 

III. Instead of a sinking there may be 
@ rising of the crown; then, instead of 
supposing the arch to open at a, b, c, Fig. 
3, the points assumed are A, B,C. Ro- 
tation there takes place about 6b and c. 
By a process similar to the above we ob- 
tain the horizontal reaction N’ acting at a; 
this gives a second limit of thrust, which 
is larger than N since the distance of P 
from 6 is greater than that of p, while the 
distance of N’ from the same point is less 
than h. In a state of permanent equi- 
librium the reaction upon the joint Aa, is 
applied at neither A, nor a, but at 
some unknown intermediate point ; and 
its value lies between N and N’. The 
problem therefore is indeterminate, but 
this indetermination can be restricted 
within very narrow limits, if, instead of 
regarding the parts as incompressible,we 
take into account the compressions due 
to their mutual reactions. That is, the 
problem becomes definite, by treating it 
not only from a statical point of view, 
but also with regard to the stability of 
construction depending on the limited 
resistance of the materials employed. 
But, for this, it is necessary to admit the 
hypotheses relative to about the laws ac- 
cording to which pressure is distributed 
among the points of a plane surface of 
contact ; and the consequence due to 
the fact, that, in order that there be no 
negative resistance at any point, it is 
necessary that the resultant of normal 
pressures, should not be applied at 
any point of the surface distant from an 
edge less than one-third the width of the 
prism measured at right angles to the 
edge. 

Applying these considerations, in case 





of sinking of the crown, the point of ap- 
plication of the horizontal force N’should 
be taken at a distance from A, equal to 
one-third the depth of the crown; in case 
of rising, the point is taken at the same 
distance measured from a. These two 
hypotheses will give two values of N, 
much more approximate than those ob- 
tained by the former methods ; and be- 
tween these two values, the actual value 
must lie. The same considerations apply 
at all the joints; so that by dividing eac 
into three equal parts,and by joining with 
a continuous curve the points lying near- 
er the intrados, and by another curve 
those lying nearer the extrados, the limit- 
ing space of the curve of pressure is ob- 
tained. 

IV. All indetermination is avoided by 
the use of the following graphic method, 
due to M. Mery. 


Fia, ¢. 





Let A, C, c, a, (Fig. 4), be a semi-arch, 
of which the stability is to be determined. 
Take in the joint A A, a point a at one-third 
the depth from A ; in like manner take y 


in Cc. Let P be the resultant of exterior 
forces acting on the arch, including its 
own weight. Through a draw a horizon- 
tal line in the direction of the thrust N, 
cutting P at O. Join o y, and this is the 
direction of the reaction R of the abut- 
ment. The semi-arch being maintained 
ih equilibrium by three forces, it follows 
that the three lines of their direction pass 
through the same point. Each must be 
equal and opposite to the resultant of the 
two others. Resolving P into two com- 
ponents, along O a, and O y thejfirst gives 
the absolute horizontal value of N, the 
second, the absolute value of the reaction 
of the abutment. Now let p, p’, p”, etc., 
be the partial resultant of the exterior 
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forces acting on the several voussoirs 
taken in order from thé crown. Vous- 
soir 1 isin equilibrium by reason of N 
(which is known), pand the reaction r of 
_2uponl. Constructing the resultant of 

N and p, and reversing it, we have the reac- 
tion r ; in its true direction it is 7, the 
action of 1 on 2. Voussoir 2 is equil- 
ibrated by the force r,, the force p, 
and the reaction, r! of 3 upon2. The 
resultant r},and r! are found as before. 
Continuing this process through the suc- 
cessive voussoirs, the reaction of the 
voussoir next to the last (¢), upon the last, 
is found. Compounding this with the ex- 
terior force g, we should have a resultant 
equal, and opposed to R. In this way 
the forces acting upon the successive 
voussoirs are completely determined. 
The broken line joining a, 4d, «, ¢, ete., y, 
is called by Mr. Méry the curve of pres- 
sures. 

That stability may be assured, it is ne- 
cessary (1) that that the curve of pressure 
be included between the curves drawn 
trisecting the thickness of the joints, 
both on the side of the intrados and of 
the extrados. This is necessary, as 
above shown, that there may be no nega- 
tive pressure at any of the joints. (2). 
It is necessary that, in the division of the 
component normal of the reactions N, r, 
r’,r’’, ete., by the surface of the corres- 
ponding joints, the result obtained should 
be at the most equal to the pressure 
which the material can resist. This limit 
in arches should be fixed at 50,000 kilogs. 
for cut stone, and 10,000 kilogs, for rubble. 
(3.) Again it is necessary that the 
angle of direction of these reactions with 
the joint surface should differ but little 
from a right angle. When one of these 
forces is oblique to the joint, it gives rise 
to a component along the joint surface 
which measures the tendency to sliding. 
The friction of stone upon stone is con- 
siderable, the co-efficient being 0.76; 
hence the reaction may make an angle of 
about 370 before sliding occurs. But it is 
prudent not to depend upon this resistance, 
as it may be much diminished, if at the 
time of decentring the mortar is not hard- 
ened. Hence the reactions should deviate 
little from the normal; and this principle 
especially applies to circular arches, 

e observe that Mr. Méry’s method 
makes no hypothesis with regard to the 
pirections of the forces p, p’, p”, etc.; it is 





therefore applicable to all cases. The ex- 
act determination of these forces is the 
real difficulty met in the application of the 
preceding theory. If the arch supported 
a fluid, the pressure would be normal at 
every point of the extrados and would be 
easy to determine. If, as is generally the 
case, the arch bears a heavy mass of mason- 
ry, one doesnot know how its weight is 
distributed among the elements of the ex- 
trados. It is generally assumed that each 
voussoir sustains, in addition to its own 
weight, that of the material between ver- 
tical planes drawn through the genera- 
trices which bound the particular voussoir. 


But it is obvious that this hypothesis is ar-, 


bitrary, and that it must often be far from 
true. It has been proposed to take into ac- 
count only the component normal to the 
extrados of the weight thus determined; 
a hypothesis just as arbitrary. Probably 
truth lies between these assumptions. In 
any event the weight of masonry should 
be estimated at 2,200 kilogs. to a cubic 
metre, and that of the surcharges at a 
mean of 1320 kilogs. 

V. The methods described are at bot- 
tom only a system of verifications. Know- 
ing the span and height of thearch, the 
curve of the intrados is determined. The 
thickness at the crown is determined by 
an empirical formula of Perronet. Let e 
be the required thickness and/ the span 
of the intrados; then 


e=0,325 -+ 0,0347 1. 


The curve of the extrados is now assum- 
ed, and the investigation of the equilib- 
rium and the stability is made. Ifthe con- 
ditions are not satisfied the thickness is in- 
creased. If they are satisfied, trial is made 
to find whether they can be diminished; 
and thus by by repeated trials are found 
the dimensions most suitable, regard being 
had to solidity and economy of construc- 
tion. 

M. Ivon Villarcean, in a series of articles 
published in the ‘Revue de ]’Architec- 
tnre,” and in a memoir entitled “Sur l’ 
Etablissement des Arches de Pont,” has 
attempted the problem in an inverse 
sense, and to determine at once the form of 
the intrados, the thickness at crown, and 
the form of the extrados; having given the 
span and height. He represented the con- 
ditions of the problem in equations by 
supposing a system of infinitely thin vous- 
soirs, touching only at the generatrix; 
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and by means of laborious calculations 
demanding all the resources of analysis, 
he has constructed tables for determina- 
tion of the various elements of an arch. It 
would be impossible for us to give his in- 
vestigations in detail; but we observe that 
the intrados and extrados curves resulting 
from the theory of M. Ivon Villarceau 
differ little from the curves ordinarily em- 
ployed; being slightly more spreading at 
the flanks. 

VL So far we have written only of right 
arches. In skew arches, at the time of 
decentring it is observed that the great- 
est contraction of material takes place in 
the direction of the right section; the in- 
fluence is that the thrust is in a plane per- 
pendicular to the axis of the arch. But it 
is not uniformly distributed through the 
length. This may be shown as follows: 

Let ABB’A, CDD'C (Fig. 5.) represent 
the horizontal section at the springings of 
a skew arch; let O be the centre of the 
parallelogram. 


Draw through O, IK perpendicular 
to AA’ and BB’. The total weight of the 
arch passes vertically through O. It can 
be decomposed into two others situated 
in the vertical plane whose trace is IK. 





The horizontal components are directed 
along IK; OP and OP’ may represent 
these components, which constitute the 
thrust itself. The figure shows that the 
force P is nearer the acute angle A than 
to the obtuse angle A’; hence the thrust is 
unequally distributed along AA’, and the 
angle A sustains the greatest strain. This 
result is independent of the coursing of the 
arch. 

But another effect is produced in skew 
arches called the thrust au vide, and this 
depends on the coursing. This consists in 
the tendency of the voussoirs at the ex- 
tremity to slide outward beyond the faces. 
This is apparent in the helicoidal coursing 
on account of the inclination of the helices 
which are the limits of beds of the vous- 
soirs. It is not seen in the orthogonal 
coursing, especially when the cylinders 
which project the orthogonal trajectories 
on the head-plane are employed in setting 
the continuous joints of the head vous- 
svirs. This is the chief advantage of this 
kind of arch, which is little employed be- 
cause of the difficulties of execution. And 
it should be mentioned that in certain 
bridges near Paris constructed according 
to the orthogonal system the heads nave 
been strengthened by ironstraps. 

The most advantageous system of skew 
arches in respect to stability, is that com- 
posed of right arcs en retraite; the only in- 
convenience being a series of redans on the 
intrados side which have a disagreeable 
look. 

VII. We how have to say a few words 
with regard to dome arches. Let A, B, 


X 








C, D (Fig. 6), represent the section of an 
arch of this kind made by a vertical plane 
through OV. Let aB, mn, st, nv, DC, 
be the traces of the conic joints dividing 
the arch. Suppose the vault divided into 


“0 


n equal slices by planes through O V, 
making equal angles; and that the figure 
shows the section of one of these made 
by its vertical plane of symmetry. 

Let P be the weight of the upper part 
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of the vault (dotted). A dome generally 


has to bear only its own weight: if other- 
wise, let the load be included in P. This 
may be resolved into n equal forces di- 
rected in the plane of symmetry of each 
of the n slices, normal to the upper conical | 
joint. If AOX==z, the component acting | 


i ae ; pe ae 
on AB is— sina ; acting at a, which is 


taken so that no negative pressure may 
occur in B and so that A may not be 
crushed. This normal N compounds with 
p, the weight of the first voussoir, giving 
a resultant R. But this does not repre- 
sent the pressure of the first voussoir upon 
the second. The vertical faces receive 
pressures from adjacent voussoirs which 
may be regarded as normal, giving, by 
reason of symmetry, a horizontal result- 
ant in the plane of the figure. Besides, 
the condition may be assumed that the 
pressure of the first upon the second vous- 
soir is normal to the conical joint between 
them. Decomposing R into A horizontal, 
and r perpendicular to mn; the latter 
will represent the pressure of the first on 
the second, and the former will be the 
resultant of lateral pressures. The force 
n compounded with the weight p’ of the 
second voussoir gives a resultant R’ which 
can be decomposed as was done with R. 
All the forces acting on the several vous- | 





soirs are found by continuing this process. 
The last force r will give the normal pres- 
sure of the last voussoir upon the upper 
face of the circular supporting wall; the 
horizontal component is the thrust. 

For equilibrium and stability it is nec- 
essary: (1) that the pressures rlie between 
the curves AD and BC; (2) that their 
points of application a, B, etc., shall not 
be so near either edge as to risk negative 
pressure of crushing at the edge; (3) 
that when the pressure is distributed upon 
the bearing surface the unit pressure shall 
fall within the limit of safety. 

For prudence, the pressures should all 
be normal, as domes are ordinarily thin; 
but if the resistance of friction is consid- 
ered, the forces N, 1, 7’, etc., may have a 
certain inclination to the normal. 

This method is obviously but an exten- 
sion of the method of M. Méry. The 
conical joints may be divided into 3 equiv- 
alent parts by arcs or circles described 
from O as centre; and the condition may 
be imposed that the forces N, r, 1’, etc., 
shall all be comprised within the interme- 
diate zone. If the conditions are not ful- 
filled, then the thickness of the dome must 
be increased or the curve of the extrados 
must be modified. In general, both in 
arches and domes, the thickness at spring- 
ing should be greater than at the crown. 





STANDARD vs. NARROW GAUGE. 


Br HERMAN HAUPT, Civil Engineer. 
Written for Van Nostrand’s Magazine. 


The writer has received letters and per- 
sonal requests for an opinion in regard to 
the advantages claimed for narrow-gauge 
railways. Time will not permit a separ- 
ate answer to each, and he has, therefore, 
concluded to dispose of them collectively 
by an article for the “Engineering Magaz- 
ine.” 

Narrow gauge has some advantages as 
compared with standard gauge, and some 
disadvantages. Its merits have been great- 
ly exaggerated. 

It is not fair to compare narrow-gauge 
railways equipped with light rolling stock, 
with the standard gauge on which necessar- 
ily heavy engines are used, and credit the 
saving entirely to narrow gauge. 

A fair comparison, so far as the question 
of gauge is concerned, would be to put the 





light engines and cars of the narrow upon 
the standard gauge, and then note the 
cost of construction and operation. 

Upon this, the only true standard of 
comparison, some of the claims of narrow 
gauge appear unreasonable and absurd. 

It is unquestionably true that the exces- 
sive weight of cars and engines on ordi- 
nary standard gauge roads, and the ex- 
cess of dead weight in proportion to pay- 
ing load, increase greatly the cost of con- 
struction and of operation; but is such ex- 
cessive weight necessary? In considering 
the relative advantages of gauges, it is un- 
fair to assume different conditions; but the 
comparison should be made with similar 
equipments in both. 

Take then the narrow-gauge cars and en- 
gines, extend the axles and cross-pieces 
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of car trucks 20} in., give the axles increas- 
ed size so as to to possess equal strength, 
let weights remain constant, wheels, car 
bodies, engines, all the same in both, and 
then compare the two systems. 

The narrow gauge will have the advan- 
tage— 

1. Of allowing about } of a ton more 
load to a car, in consequence of reduced 
weight of axles and cross-pieces. 

2. Reduced length of cross-ties, saving 
from $100 to $200 per mile. 

3. Reduced width of road-bed of 20 in. 
This would save per mile, on an embank- 
ment averaging 10 ft., $100; on a side-hill 
cut of earth 10 ft. at upper slope, $50; 
Ballasting, $250. little saving in width 
of bridges, which is almost inappreciable, 
as the trusses are the same in both. 

4. Increased facility in turning curves, 
This is the greatest advantage as favoring 
economy of construction. The difference 
in length between the inner and outer 
rail with the standard 4 ft. 8} in. gauge is 
very nearly 1 in. in 100ft. for each degree 
of curvature, with a 10 deg. curve the dif- 
ference in 100 ft. would be 10 in., and as 
the wheels are not permitted to turn on 
axles, there must be a slip to this extent. 
On a gauge of 36 in. a slip of 10 in. to 100 ft. 
would be due toa curve of 154 deg. and 
it is possible that a curve of 154 deg. on a 
36 in. gauge would oppose no more resist- 
ance, than a curve of 10 deg. on a gauge 
of 56} in. 

The substitution of 15 deg. curves for 
10 deg. curves may, in many cases, as on 
steep side-hill locations, result in great 
economy of construction, permitting the 
centre line to conform to the surface where 
curves of 50 per cent. greater radii would 
involve heavy cuts and fills, but this ad- 
vantage is confined to localities where 
sharp curves and steep side-hills are pre- 
sented. On level ground, or on curves con- 
siderably within the maximum limits, the 
saving secured by the use of narrow gauge 
would not be considerable. 

As regards gradients it is believed that 
the advocates of the narrow gauge do not 
claim that an engine witha given weight 
on drivers, will haul a greater gross load 
on the same inclination, or a straight line 
in consequence of reduced width of gauge. 

Assuming, therefore, the only true stand- 
ard of comparison of cars and engines of 
equal weight on both gauges, the advan- 
tages of narrow gauge may be stated. 





1. A slight saving in weight of axles and 
cross-beams, and an equal addition to pay- 
ing load. 

2. A saving in cross-ties, road-bed and 
ballast, as previously stated, of say $500 per 
mile, on an average. 

3. A saving in cost of construction con- 
sequent upon the use of sharper curves. 

These savings can only be determined 
ineach case by a comparative estimate 
based on actual location, but they will not 
amount in the aggregate to 10 per cent. of 
the savings claimed by the advocates of 
the narrow gauge. 

Economy, both in construction and oper- 
ation, results from low speed, light weight, 
and reduced proportion of dead to paying 
weight. 

The cars and engines on standard 
gauges are too heavy and speed too great. 
When engines of 10 tons were used the 
durability of rails was almost indefinite, 
and breakages of very rare occurrence. 

Come back to light weight of rails and 
rolling stock, and moderate speeds on 
standard gauge roads, and the advantages 
claimed for narrow gauges willbe much 
reduced. 

Many of the claims of the advocates of 
narrow gauge are preposterous, and will 
not bear investigation. For example, in a 
pamphlet before the writer it is claimed 
that the 36 in. gauge willl effect a saving of 
25 per cent. in right of way. 

It is usual to take four rods in width, 
and the same quantity would no doubt be 
taken, even if the gauge should be reduced 
20 in.; but conceding that a proportionate 
reduction should be made, the percentage 
saved would be less than 3 per cent., even 
assuming that the damages paid are 
in proportion to area of land condemned, 
which is far from correct. 

It is also claimed that 25 per cent. is 
saved in ditches, and in formation of road- 
bed, by reduced width of 20 in. This is 
also extravagant, for the ditches drain the 
slopes and often a large area above the 
slopes, and are not affected by width of 
road-bed. 

It is conceded that stability is impaired 
by narrow gauge when speed is high, but 
sufficient weight is not attached to this ob- 
jection. In 1847, a part of the Susquehan- 
na bridge on the Penna. R. R., while in 
progress of construction, was blown down 
by a high wind, and calculation proved 
that winds are occasionally high enough to 
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blow over a train of cars on a level track, 
even of standard gauge. The tendency to 
blow over would be increased on a narrow 
gauge, particularly if a rocking motion 
should be communicated to cars by in- 
equalities in the surface of the track. 

These criticisms are not designed to 
discredit narrow-gauge roads, which are 
destined to play an important part in the 
economy of transportation; they are intro- 
ducing a much needed reform, but let not 
the narrow gauge be credited with econo- 
mies resulting from light weight and mod- 
erate speed, which are not necessarily con- 
fined toit but may be introduced with 
almost equal advantage on roads of stand- 
ard gauge. 

Narrow-gauge roads as feeders for trunk 
lines of standard gauge involve tranship- 
ment at their termini, and separate equip- 
mentffor their operation, which cannot be 
transferred from one road to another with 
facility as needed. This is a very serious 
drawback to their use in coal transporta- 
tion. The transhipment of coal, especial- 
ly of the softer kinds, is attended with 
great breakage and waste, and a system 
which would prevent main line cars from 
loading at branch road collieries, will not 
soon be looked upon with favor where 
coal operations are extensively carried on. 

The writer has used a wooden railroad 
in lumbering and other operations, which 
for such purposes possesses great advan- 
tages. It consists of hewed timbers 6 in. 
square, laid in trenches and filled in so 
that the surface of the timbers is flush with 
the surface of the road-bed. No cross-ties 
or rails are used, the timbers themselves 
form the rail. The wheels are made of 
wood, pieces of hard wood cut in form of 
circular sectors nailed to break joints, one 
over another, so as to give a tread of 6 in. 
The flange is a ring of cast iron bolted on 
the wheel, boxes of cast iron inserted and 
wedged in middle of wheel. Such tracks 
can be laid on common earth roads, with- 
out obstructing their use for carts or 
wagons; as nothing projects above the 
surface they are particularly valuable in 
railroad cuts where carts and cars can be 
use at the same time, without interfering 
with each other. 


CAPACITY OF NARROW-GAUGE ROADS, 


The capacity of a railroad is often lim- 
ited by the facilities for handling freight 
at its terminus, but where such facilities 





are ample, the capacity will be measured 
by the load of the trains and the number 
arriving in a given time. 

The question of speed affects the capaci- 
ty of a given equipment, but not the capaci- 
ty of the road itself. At slowspeed more 
cars and engines must be used to carry a 
given tonnage; but the destructive effects 
of speed both on permanent way and roll- 
ing stock increase in a much higher ratio 
than the velocity. 

The load of an engine of given weight on 
drivers is determined by the maximum re- 
sistance offered by grade and curvature on 
the division over which it travels, or by 
grade alone when full compensation has 
been made for curvature. 

The interval between trains must be 
sufficient to switch off a train or give 
notice of accidents or obstruction; to 
guard against rear collisions, 15 min. will 
be assumed as &@ minimum. 

On a freight road worked nearly to the 
limit of its capacity, a double track and 
uniform speed will be essential, and separ- 
ate tracks must be provided for passenger 
trains requiring higher speed. 

The standard freight engine on Penn- 
sylvania Railroad weighs 75,500 ibs., 
weight on 6 drivers 53,000 lbs., weight of 
tender with coal and water 50,000 lbs. 
The tractive power of such an engine on & 
level is 1,210 tons gross load. 

Assuming for narrow-gauge roads an 
engine with 6 drivers and no truck, weight 
on drivers 27,000 lbs., tender 27,000 lbs., 
cars as is claimed, of 2 tons carrying 6 tons. 
The load on different grades would be, in 
tons of 2,000 lbs. 


Gross load. 


Assume now, that the ruling gradient 
which determines the load of the trains on 
a narrow-gauge road, is 50 ft., and that 
higher indications are overcome by assist- 
ant engines. Two engines would carry the 
train over a grade of 105 ft. The capacity 
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of the road can now be determined. Load| These are very satisfactory results, but 
of trains, 126 tons. some of the advocates of narrow gauge 

Intervals 15 min., 24 hours per day, 300 | claim fer such roads a carrying capacity 
days per year; trains per year, 28,800; | of 10,000,000 of tons of paying freight and 
tons per year, 3,628,800. On a ruling| assume data to figure this amount, but 
gradient of 80 ft. and maximum of 152 ft., | they ignore the fact, that grades influence 
the capacity of the road would be 2,619,- | the size of trains,and the carrying capacity 
200 tons. of the road. 








COMPRESSED AIR ENGINES. 


From “Engineering.” 


It may be remembered that in a former | desirable to avoid, in order to do away 
article, we advocated a low piston speed | with the trouble attendant upon the freez- 
for compressed air engines on the score | ing of the moisture which the air contains. 
that by the adoption of such moderate As we pointed out in our former article, 
speeds a greater facility is afforded for one mode of preventing the attainment by 
imparting heat to the air during its ex-|the air of a very low final temperature 
pansion, and we further recommended, as | would be to impart to it a high tem- 
a convenient mode of imparting this heat, perature in the main reservoir, so that, 
the immersion of the cylinders and of the even after expansion, the temperature 
main air reservoir in a hot-water jacket. might not be so low as to allow of the 
At the risk of some slight repetition, it | freezing of the vapor ; but, as we then 
may be desirable, perhaps, that we should | stated, this mode of procedure is open 
briefly state here the way in which the to important practical objections, and it 
absorption of heat takes place in a com- appears to be altogether the best plan to 
pressed air engine. We will suppose the supply the air with heat at the time when 
engine to be of that class in which the air the expansion renders that heat necessary. 
stored up at a high pressure in a main | In other words, we believe it to be the 
reservoir is allowed to flow thence through | best plan to apply heat to both the main 
a reducing valve into an intermediate | reservoir and the cylinders, and we do not 
chamber, whence it is supplied to the| at present see a more convenient mode of 
cylinders. If the air is worked expansive- | applying that heat than by a simple hot- 
ly in the cylinders, as it ought to be, the | water jacket. The intermediate chamber 
absorption of heat during each stroke may | may or may not be included in the jacket, 
be divided into two distinct stages. In| as may be most convenient, there being no 
the first place, while the admission port | absolute necessity that heat should be 
is open the piston will be urged forward by | applied to it, as in passing through it the 
the direct flow of air from the intermediate | air does no work. 
chamber, or, in other words, by the expan-| These preliminary matters being stated, 
sion of the airin the main reservoir; while | we may proceed to the special object of 
after the cut-off takes place the work will | this article, namely, to show the quantity 
be done by the further expansion of the of compressed air which is required to 
portion of the air shut into the cylinder, | perform a certain amount of work, and 
and the expansion of the air in the main , the quantity of heat which it is necessary 
reservoir (supposing the latter to be sup-| to supply to avoid the freezing of the 
plying one cylinder only) will cease. The moisture. The best way of dealing with 
expansion, whether in the main reservoir | these points will probably be by consider- 
or in the cylinder, will, unless heat be de- ing a particular example, and we shall 
rived from external sources, be accompa- therefore suppose a case in which a load 
nied by a reduction of temperature of the | of 6 tons, including the weight of the ma- 
air, and it is this reduction of tempera- chinery, has to be drawn at a speed of 8 
ture beyond a certain point which it is’ miles per hour over a line 4 miles in length, 
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of which 3 miles are level, while the 4th 
mile rises with a continuous gradient of 1 
in 56. Further we will suppose *the line 
to be a tramway laid through the streets, 
and that in consequence of the dirt, etc., 
on the rails, the resistances at the speed 
above mentioned reach 20 lbs. perton. In 
this instance the tractive force required on 
the level portion of the line will be 620 
==120 lbs.; while on the gradient it will be 


120 + 74° X% __ 360 ibs., or 3 times the 


56 

tractive force required on the level. Let 
us further suppose the driving wheels to 
be 3 ft. 6 in. diameter, and the two cylin- 
ders to be 44 in. diameter with 12 in. 
stroke, the connecting rods being coupled 
direct to driving axle. The circumference 
of a 3 ft. 6 in. whee! is 11 ft. almost exact- 
ly, and with the above-mentioned propor- 
tions the piston speed when the vehicle 
was moving at 8 miles per hour would be 
5280 x 8 x 2 

11 xX 60 
erate sae suitable for the ready absorp- 
tion of heat by the air during its expansion 
in the cylinder. 

When ascending the gradient of 1 in 
56, the tractive force required being 360 
Ibs., and the wheels and cylinders being of 
the dimensions already given, the mean 
effective pressure on each piston would 
have to be: 


360 « (3.5 & 3.1416) __ 360X11 
1x4 me 4 


=128 ft. per min.,a very mod- 


= 9:0 Ibs. 





while on the level portion of the line 1-3d 
this pressure, or 330 Ibs. only, would be 
necessary. In such an engine as that of 
which we are speaking, the mean losses 
due to back pressure, pre-exhaust, com- 
pression, and wire-drawing at the point of 
cut-off, etc., may be estimated fairly as 
equal to a mean back pressure of about 9 
lbs. per sq. in. above the pressure of the 
atmosphere, or, say, a total mean back 
pressure 24.7 lbs. per sq. in. measured 
above a vacuum. If now we decide upon 
the ratio of expansion, the quantity of air 
used and the initial pressure necessary can 
be readily calculated. 

If air was capable of absorbing heat 
rapidly from surrounding objects it might 
be possible to carry out the expansion in 
the cylinder to a very considerable extent 
without much inconvenience, although 
even in such a case it might rather be de- 
sirable, on account of the difficulty of 





keeping pistons and stuffiing-boxes thor- 
oughly air-tight, to avoid the use of very 
high initial pressures. As it is, however, 
there is another reason for keeping the 
amount of expansion within moderate lim- 
its, and this is the comparatively slow 
rate at which the expanding air is capable 
of absorbing heat from the surfaces with 
which it is in contact. Taking this fact into 
consideration we believe that a fourfold ex- 
pansion in the cylinder willin most cases 
be found as great as is desirable; and as- 
suming this to be the degree of expansion 
decided upon for the engine forming our 
example, when working on a level, we may 
proceed to calculate the initial pressure 
necessary. The diameter of the pistons be- 
ing 4} in., the area will be 15.9 in., and the 
mean effective pressure required on each 


piston being 330 lbs., the mean effective 


33 


pressure per sq. in. wiil be had == 20.75 


lbs., which, added to 24.7 Ibs., the mean 
total back pressure, gives 45.45 lbs. as the 
average total pressure required on the pis- 
ton during the stroke. With a fourfold 
expansion the mean total pressure is equal, 
as is well known, to: 


initial pressure X (1 ++ hyp. log. 4), 
4 
or if, as in the present instance, the mean 
total pressure be given, the initial pressure— 


mean total pressure xX 4 45.45 x4 818 

1+ hyp. log. 4-1 +1. 3867 2.386 
or, say, 76 lbs. per sq. in. total, or 61.3 lbs. 
above the atmosphere. At the same time 
the final pressure after expansion will be 


45.45 
iw 19 lbs. total. 


When working up the gradient the 
main effective pressure required in the 


cylinders would be = == 62.26 lbs. per 





=76.1, 





sq. in., which added to the back pressure 
as before gives 62.26-+-24.7—86.96 lbs. per 
sq. in. as the average total pressure on 


the piston. With sucha high mean pres- 
sure it would be far from desirable to re- 
sort to any great degree of expansion, 
and when working on the gradient it 
would probably be found preferable to 
make the cut-off no earlier than is desira- 
ble for the purpose of insuring a free ex- 
haust. Thus a cut-off at three-fourths of 
the stroke might probably be adopted 
with advantage, and as in this case the ex- 
pansion would be 1} times, the total initial 
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. 86.961 .33 
pressure required would be hyp. log. 14 


115.95 
a 90 Ibs. per sq. in., or 75.3 Ibs. 
per 8q.in. above theatmosphere. In this 
: 86.96 


case the final pressure would be + oss 
=67.5 lbs. total. . 
These matters being disposed of, we 
are now in a position to calculate the 
quantity of air required for the trip. The 


driving wheels being 11 ft. in circumfer- 
P 5280 , 
ence, they will make 180 revolutions 


per mile, and if we suppose the amount 
of compression be just sufficient to fill the 
clearance spaces, there will be thus used 
for each mile run 48041920 cylinders 
full of air at the final pressure. The diam- 
eter of the cylinders being 4} in., and the 
stroke 12 in.,the capacity is 0.1104 cubic ft., 
and during the run of 3 miles on the level 
there will thus be used 0.11041920 
X3—635.8, or, say, 636 cubic ft. at the 
final pressure of 19 lbs. above a vacuum ; 
while on the gradient the quantity used 
will be 0.1104 1920—211.96, or, say, 212 
cub. ft. of the final pressure of 67.5lbs. total. 

If now we suppose the temperature at 
which the air is exhausted to be 40 deg. 
Fahr.,* the weight per cubic ft. at the final 
total pressures of 19 lbs. and 67.5 lbs. will 
be 0.1004 lb. and 0.357 lb. respectively. 
The weight of air used in making the run 
of 3 miles on the level will thus be 0.1004 
X636—=63.854, or, say, 64 Ibs.; while the 
weight used on the gradient will be 
0.357 212—75.684, or, say, 76 lbs. The 
total weight used on the trip will thus be 
140 lbs. The capacity of main reservoir 
necessary to supply this quantity of air 
will of course depend upon the initial 
pressure given to the latter, and we may 
mention here that the higher that initial 
pressure is, the less will be the gross 
weight of the air necessary at the com- 
mencement of the trip in proportion to 
that utilized. Thus, for instance, if it is 
necessary that the pressure of the air in 





* In dealing with the pressures in the cylinders, it was as- 
sumed that the air was maintained at a constant tempera- 
ture, and it may at first sight be deemed that this is incon- 
sistent with the air being exhausted at a temperature of 40 
deg. , while the initial temperature in the reservoir is taken 
Subsequently at 62 deg. In reality, however. there is no 
such inconsistency, as the reduction of temperature from 62 
deg. to 40 deg. may take place between the reservoir and the 
cylinder, and it is, in fact, to a certain extent, preferable 
that it should take place at that point, as the lower the tem- 
perature in the cylinder the greater is the facility affurded 
for the transmission of heat to the air from external sourees. 








the reservoir shall never fall below 100 lbs, 
per sq. in. total, and if the initial pressure 
be but 200 lbs. per sq. in., then it follows 
that but one-half of the air originally 
stored in the reservoir can be turned to 
account. If, on the other hand, the initial 
pressure be 300 lbs. per sq. in., then two- 
thirds of the gross quantity of air can be 
utilized, and so on, it being supposed that 
the temperature of the air is maintained 
constant during expansion by heat sup- 
plied from an external source. In the case 
of our example we will suppose the air to 
be stored at the initial pressure of 300 lbs. 
total, and the pressure at the end of the 
trip never to fall below 100 lbs. total, under 
which circumstances it will be necessary 
that the reservoir should contain at start- 


1X? 910 Ihacfelr, Abe 


pressure of 300 Ibs. total, and a tempera- 
ture of 62 deg., air weighs about 1,552 Ibs. 
per cubic ft., and the capacity of the re- 


ing at least 


he 2 
servoir would have to be at least ic 


137 cubic ft. To guard against losses by 
leakage, etc., it would, however, be neces- 
sary to provide perhaps about 20 per cent. 
greater capacity than this, or say 170 cubic 
ft., in which case a reservoir of the requi- 
site size might be of 34 lengths of 
wrought-iron tubing, each 10 ft. long by 
9% in. diameter inside. 

We now eome to the final question which 
has to be considered here, namely,what is 
the amount of heat which it will be requi- 
site to supply to the air to compensate for 
that rendered latent during expansion ? 
In dealing with the question we shall for 
the present neglect the slight difference 
between the initial and final temperatures 
(namely 62—40—22 deg.), and shall sup- 
pose the reduction of pressure to be caused 
by increase of volume only. If the absolute 
temperature (that is to say the tempera- 
ture in degrees Fahrenheit-+-461.2) of any 
quantity of air at a given volume V, be 
represented by T,, then the absolute tem- 
perature, T,, of this quantity of air when 
expanded to the volume V,, will be T,—T, 

0.408 
x(F ) . When the engine taken as 
our example is running on a level, the air 
is discharged at a total pressure of 19 lbs., 
while the pressure in the reservoir is 300 
Ibs., and tho relative volumes on the sup- 


300 
position already stated would be as: 
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115.7: 1. The initial temperature being 
62 deg. Fahr., or 461.2+-62—523.2 deg. 
absolute, the final temperature would, if 
no heat was supplied from an external 
source, be by the formula just given : T,—= 


523, X(a7 "The 0.408th power 


can be readily calculated by the aid of a 
table of logarithms, and we then have T, 


= §23.2xX = a 170 deg., as the 


~ 3.076 076 | ~ 3.076 

final absolute temperature. The fall in 
temperature would thus be 523.2—170=— 
353.2, or, say, 353 deg., and in order that 
the air might be exhausted at the same 
temperature at which it left the reservoir 
it would be necessary to supply to it 
from external sources as much heat as 
would raise the temperature of the weight 
ry air passing through the cylinders 353 

eg. 

We have, however, supposed the ex- 
haust to take place at 40 deg., or 22 deg. 
below the initial temperature, and the 
heat to be supplied from the hot water 
jacket, or other source, while the engine 
is running on the level, will only be that 
requisite to raise the weight of air used 
353—22—331 deg. The weight of air 
used in passing over the level portion of 
the line being 64 lbs., and the specific heat 
of air being 0.238, the heat required for 
this portion of the trip will be 331 deg. 
64 0.238—5042 pound-degrees. 

Proceeding in the same way for the por- 
tion of the run made on.the gradient, we 
find the relation aan the initial and 


the final volumes to be - : 1, or 4.44 to 

1; and the antec T, thus a eneee 
+408 

523.2 X == 523.2 X oa= 


252.3 deg.; gee the fall of temperature, 
supposing no heat to be supplied, would 
thus be 523.2—252.3 —270.9 or 271 deg. 
Deducting, as before, 22 deg. for the lower 
temperature of discharge, we find the 
amount of heat required when the engine 
is mounting the gradient to be that neces- 
sary to raise the quantity of air used 271 
—22—249 deg. The weight of air used 
on the gradient being 76 lbs., the heat 
required will be 24976 0.238—4504 
ound-degrees. 

The total quantity of heat to be sup- 
plied to the air from the hot-water jacket 
throughout the whole trip is thus 5042 
-+-4504—9546 pound-degrees, and, if we 





suppose the water to be allowed to fall in 
temperature but 30 deg. only—say, from 
200 deg. to 170 deg.—the quantity of 
water which it would be necessary to 
carry in the jacket would be but 318.2 lbs., 
or, say, 32 gallons. In order to allow for 
imperfect circulation, the quantity requi- 
site in practice would have to be greater 
than this; but in all probability a supply 
of 50 gallons at an initial temperature of 
200 deg. would be ample to insure the 
maintenatce of the requisite temperature 
of the air throughout the trip. 

The present article has extended to 
such a length that we have no space to 
speak of the mechanical details to which 
it would be requisite to give attention in 
carrying out the mode of working com- 
pressed air engines which we have been 
describing. These points, however, we 
may possibly touch upon on some future 
occasion. Meanwhile we may state that. 
it must be borne in mind that the em- 
ployment of compressed air for working 
an engine cannot be regarded as an eco- 
nomical mode of utilizing power, as an 
important loss of effect will in all cases 
ensue, from its being at present practi- 
cally impossible to turn to account the 
heat generated while the air is undergoing 
compression. Notwithstanding this, com- 
pressed air affords a means of transfer- 
ring power which is capable of doing good 
service in many situations, and it is 
therefore well worthy of the attention 
necessary to ascertain the best mode of 
turning it to account. 





JickeL Mixes.—Attention is being called 
to the nickel mines of the country, 
which promise handsome returns for their 
development. The only such mine at 
present practically worked is in Eastern 
Pennsylvania, and is highly remunerative. 
In Missouri, one mine was worked from 
1850 to 1855 on the Mine-la-Motte tract. 
The ore was the sulphuret, associated 
with lead and copper. About $100,000 of 
nickel was realized from mining the crop- 
pings of this vein. “Outcrops” of this 
ore are also found in Madison, Iron and 
Wayne Counties, Mo., but none are 
worked at present, as we are informed. 
The refined metal is worth about $3 
per lb., and for many purposes supplants 
silver. 
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THE CAUSES OF EARTHQUAKES. 


(Continued from page 544.) 


6.—HOW THE EARTHQUAKES ARE PRODUCED. 

Let us take it for granted that, owing 
to the living activities of the earth, a con- 
siderable quantity of these necessary 
chemical elements have collected, and that 
the waters of the sea having percolated 
and saturated them, a very active chemi- 
cal action has taken place and evolved a 
considerable amount of calorific. 

This will soon reach the incandes- 
cence, particularly if the point where the 
chemical action is taking place happens to 
bein contact with the voltaic arch formed 
by the electro-magnetic current passing 
between the sun as positive element 
and the earth as negative. This is 
precisely what has occurred on the 13th 
of August, 1868, in the southern provinces 

‘of Peru, and three days later in the north- 
ern of Ecuador. 

It is a fact worthy to be noted, that 
the great and destructive earthquakes 
have always taken place at the time of 
some eclipse of the sun or moon. 

The moment a single atom becomes 
incandescent, irradiation takes place, and 
the surrounding atoms soon attain the 
same degree of heat as the first, the in- 
citing causes being incessantly at work. 
From this focus of irradiation, caloric 
will extend from one molecule to another ; 
and it will not be long before a large sub- 
terranean furnace will be in existence. 

What will then happen? It is perfect- 
ly obvious that the water existing in the 
neighborhood will be converted into 
steam, and this constantly overheated 
into gases, which by their enormous dila- 
tation will exert a tremendous pressure 
against the wall of their place of confine- 
ment. 

Everybody is now acquainted with the 
force of expansion of gases. In their ac- 
tion on the superficial strata we shall find 
the explanation of earthquakes. 

These gases must find an issue. They 
press against the crust above in a perpen- 
dicular direction. This crust happens to 
be sufficiently resistant, composed of 
homogeneous materials that render it 
elastic—upheavals then take place, like 
those observed from the remotest antiquity 
to our times. All these upheavals are al- 
ways preceded by earthquakes, with emis- 

Vor. VI.—No. 6—37 


sions of sulphurous vapors and sulphu- 
retted hydrogen gas, smoke, etc. 

If the crust is not sufficiently resistant, 
& new crater is opened, a volcano is 
formed. These are the boils on our 
mother earth’s body, that having ejected 
all the matter contained in them, subside 
and even disappear. We have an example 
of this phenomenon a few miles from 
Granada (Nicaragua) in the volcano of 
Musalla, which has completely vanished 
since the conquest by the Spaniards, and 
the place where it stood is now a level 
plain covered with burned and blackened 
stones. 

Let us suppose that the superstrata 
are homogeneous, and so resistant as to 
withstand the enormous pressure of the 
immensely dilated gases. Then the soil will 
be convulsed, tremendously shaken ; and 
the mighty works of men destroyed, level- 
led to the ground. 

As deep as man has penetrated in the 
superficial strata of the planet, he has 
found them honeycombed; traversed in 
all directions by moats, conduits, caverns 
and hollows, which contain large deposits 
of water, forming lakes and pools, origi- 
nating subterranean currents, streams and 
rivers. 

These moats, conduits, caverns, etc., etc., 
are separated by walls more or less thick. 
These walls in the vicinity of the furnace, 
being less resistant than the crust above, 
give way under the pressure of the gases; 
an issue is opened for their escape. They 
precipitate themselves into it with incom- 
mensurable force; hence the rumbling 
noise—the thunder-like explosions which 
always accompany earthquakes and pre- 
| cede them by a few seconds, giving warn- 
ing of their coming. 

By the failing of the walls of the 
caverns and moats, the props of super- 
strata being destroyed, these cave in; 
hence the abasements of the surface, the 
rendings, the disappearance of some 
streams, the appearance of others—the 
changes that take place in the configura- 
tion of the countries where the catastrophe 
has occurred. 

The gases, in their onward rush, meet 
other openings ; part precipitates into 








them. Soon they expand on a larger 
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field; their forces, not being any longer 
concentrated, grow less and less as they 
find more avenues through which to es- 
cape ; and as they are further from the 
centre of their generation, that is to say, 
from the furnace. Many of these fur- 
naces, no doubt, exist, that having com- 
munications with active volcanoes are not 
perceived on the surface; or have a vent 
in the shape of Geysers, hot springs, mud 
volcanoes, etc., etc. The hot well dis- 
covered at Lacrosse, Wis., in the month of 
February, 1868, when some men were 
boring an artesian well, bears witness of 
the truth of my assertion. 

The upward pressure against the ceil- 
ing of the conduits, accounts forthe waters 
in the wells overflowing, and for the 
changes of their level. The sulphurous 
nature of the gases accounts for the fetid- 
ity observed in subterranean waters, in 
caves and cellars. 

Different and very distinct motions of 
the soil have been noticed during earth- 
quakes. They are easily accounted for. 

The most common is known under the 
name of undulating motion. It may be ex- 
plained in this wise. 

The walls and ceilings of the subterra- 
nean cavities are rugged and uneven, re- 
sembling somewhat the waves of the 
ocean during a gale, with more or less 
deep indentations; they are not composed 
of the same and homogeneous materials. 
In places they are more resistant than in 
others; and when gases come from a long 
distance, and somewhat disperse, they do 
not exert their power with so much force 
on the ceilings. They consequently give 
rise to a motion similar to that felt on 
board of a vessel at sea, and called for 
this reason undulating motion. 

There is a second motion called sussul- 
taria, eruptive. This has been observed 
many times, and always accompanied by 
great catastrophe. 

Such motion, foreshadowed by sulphur- 
ous vapors, occurred during the months 
of February and March, 1783, in the 
plains of Calabria and Mesina, when the 
tops of granite hills were clearly seen to 
jump up; the stone foundations of houses, 
even the pavement in the streets, were so 
lifted up as to be found turned upside 
down. 

The city of Riobamba was destroyed by 
one of these eruptive motions in the year 
1797, and the bodies of some ofthe in- 





habitants thrown on the top of a hill 
100 ft. high. 

Palmeri and Scachi, in their report on 
the earthquake of Melfi, which occurred 
the 4th of August, 1851, expressly say, 
that columns were broken at the base 
without losing their perpendicular posi- 
tion; that chimneys were heaved up 
into the air, falling again in their natural 
place. 

The city of Mendoza was destroyed in 
1861 by a motion of that kind. 

The ceilings of the furnace, being homo- 
geneous and resistant, will not swell or 
upheave, but sustain the shock occasioned 
by the puff of the gases incessantly aris- 
ing, dilated from the focus of heat, in the 
same manner as the steam escaping at 
intervals through the escape pipe. The 
perpendicular shock is repercussed to the 
surface, in the same manner as if you 
give a sharp blow under a table; the table, 
to be sure, will resist, but the objects on 
it will be thrown up into the air. 

The third motion (moto vorticoso) is 
rotary or circular. Many doubt its exist- 
ence ; but I see nothing that can be op- 
posed to it. We read in the papers an 
account of the earthquake that was felt in 
the year 1868 in San Francisco, Califor- 
nia, and a motion of that kind is said to 
have been observed in the lower part of 
the city. 

After the earthquake that occurred in 
Valparaiso in 1822, three palm-trees, 
placed at ashort distance from each other 
were found intertwined, and so have re- 
mained ever since. 

It is also reported that after tle earth- 
quake of 1783 in Calabria, two square 
obelisks placed in front of the Convent of 
St. Stephano del Bosco, were found turned 
round on their pedestals. Many other 
cases, similar to those, are reported, prov- 
ing the existence of the rotary motion. 

But, how is such motion to be ex- 
plained? 

Intwo different manners. Have you ever 
noticed howa rotary motion can be impart- 
ed to a small metallic wheel, supported on 
a steel or iron axle, on which it can revolve 
freely, merely by rubbing vigorously with 
a rough file one end of the axle? If so, 
you have seen it turn of itself as it were 
in the same direction as the file is drawn. 

Why would not also a powerful stream 
of gases, rubbing against the rugged ceil- 
ings of the conduits, produce a strong 
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electro-magnetic current, that would im- | terior laboratories. 4th. In the oxidation 
part a rotary motion to the objects on the | of the metallic substances that compose 
surface, in accordance with the laws that | the superficial strata of the planet. All 


govern currents of induction. 

Again, this rotary motion may be ex- 
plained in this wise. 

When two currents of air, coming from 
opposite directions, meet each other, they 
give rise to a whirlwind. If these cur- 
rents are very strong, a hurricane or tor- 
nado is the result. Well, there is no rea- 
son why the same phenomenon, which 
takes place above ground, should not also 
occtir under ground, when two different 
current of gases, coming from opposite 
directions, meet in the interterrestrial 
passages and cavities. 

Nature works in the same manner in all 
its manifestations when the conditions are 
equal. Similar causes produce like ef- 
fects; then two currents of gases meeting 
under ground, will produce a tornado ; 
and a rotary motion will be imparted to 
all objects within its boundaries. 

I have reviewed in a very cursory 
manner all the effects produced by the 
convulsions of the earth, and, by the syn- 
thetic method of reasoning, tried to ar- 
rive at the understanding of their causes. 


I have not advanced an opinion, which is 
not founded on facts acknowledged by 
science, on events recorded in history. I 
do not propose any theory, but merely 
give in these few lines the result of my 


own observations and investigations. If 
they satisfy your mind, as they do mine, 
then I am happy, for I have attained the 
object I had in view when I took the pen. 


Let me then recapitulate, and sum up | 


in a few words my 


7.—CONCLUSIONS. 


|these phenomena are produced by the 
| agency of electro-magnetism, which seems 
| to be the life sustainer of the whole crea- 
| tion. 

3. The volcanoes are not the safety 
valves or vents of a central fire, which 
does not exist; but are merely local ac- 
cidents produced by a conglomeration of 
| materials, sulphur being one of the prin- 
cipal, that, being soaked by salted waters, 
enter into chemical decomposition, under 
the agency of electro-magnetism, and that 
the voleanoes are to the surface of the 
|earth what boils are to the surface of the 
| human body, which disappear as soon as 
the matter accumulated is expelled. 

4. That the sun’s immense reservoir of 
electro-magnetism, and the other celestial 
bodies, which are likewise reservoirs of 
| the same agent, increases the action of the 
electro-magnetic currents that traverse 
|the earth, according to their respective 
positions with regard to this, and hasten 
| the effect of the chemical operations, if a 
| point of the voltaic arch formed by them 
}comes in direct contact with the place 
| they are going on on a large scale. 

5. That earthquakes and volcanoes stand 
in intimate relations, have a common 
| origin, and wil! ever occur in those places 
| where large chemical action is taking 
place. That inasmuch as chemical action 
is alive in every part of the earth, earth- 
quakes may be felt on any point of its 
surface. 

6. That the origin of earthquakes may 
| be found in the expansion of gases gener- 
'ated by the various causes enumerated, 
| particularly chemical decompositions. 








1. There is no central fire. It is un-| These gases, being prodigiously dilated, 
philosophical, unscientific to uphold the | press heavily against the wall and ceilings 
opposite doctrine—for it merely rests on | of the cavities in which they are confined, 
speculations, unsupported by facts and /|and in trying to find an issue through 
science. It must therefore be disregarded | which to escape, produce the dreaded 
by all scientific minds. | phenomenon. 

2. The heat of the earth has its source:| 7. That when a volcanic action is going 
Ist. In the friction occasioned by its rapid | on in the substrata of the surface of the 
motion through the cosmic matter that | earth, and earthquakes are impending, the 
fills all space. 2d.°In the rays of the sun, | phenomenon is foreshadowed by many 
that, however cold in themselves, carry | precursory signs. 
light that, setting in motionthemolecules| 8. That among these forerunners the 
of the atmosphere, generates heat, which | following are the most evident: Ist, sul- 
is communicated to the earth. 3d. In the | phurous vapors arising from the ground 
constant chemical decompositions that | in the vicinity of the focus of the chemical 
are incessantly going on in its great in-| action; 2d, strange and mysterious noises, 
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produced by the activity of the gases; 3d, 
alterations of the mineral waters, occa- 
sioned by the percolation of the gases 
through the porousness of the superficial 
strata, and affecting its chemical com- 
pounds; 4th, turbidity of the fresh waters 
in wells—phenomenon produced by the 
same causes; 5th, changes in the level of 
the waters in wells, caused by impercep- 
tible upheaves and depressions of the 
superficial strata, affecting the sources or 
subterranean streams which feed them; 
6th, emanations of carbonic acid or sul- 
phuretted hydrogen gas, perceived in cel- 
lars, caves, wells, excavations; 7th, electro- 
magnetic disturbances in the atmosphere, 
suddenly taking place and without any ap- 
parent causes, manifested by the loss of 
power of magnets. 

10. That the opinion of Plinius, the 
elder, commends itself to the serious con- 
sideration of all men of science: that 


the evil consequences of earthquakes 
might in some measure be arrested by 
boring deep artesian wells in the coun- 
tries subject to earthquakes, for those 
wells would act as vents through which 
the gases might escape, and their raging 


storm partly quelled. 

A few years ago, 4 deep wells were dis- 
covered, one at each corner of the cathe- 
dral in Lima, which had been destroyed 
by the earthquake that laid that city to the 
ground in 1687. The church was rebuilt 
and these wells bored to act as protectors 
ofthe monument. They have well fulfilled 
their duty, for the edifice has withstood 
all the different shocks that since that 
epoch have visited the capital of Peru, 
and destroyed many of its strongest 
structures. 


8.—caTAcLysMs oF THE 13TH AND 16TH oF 
Aueust, 1868. 

These cataclysms are some of the most 
terrible known in the history of mankind, 
as much for the ravages they have occa- 
sioned, as for their duration and the ex- 
tent of country they have visited, spread- 
ing dismay and consternation, death and 
ruin among the inhabitants. Beautiful 
and densely populated cities have been 
levelled to the ground, flourishing sea- 
ports swallowed by the sea, whole towns 
together with their dwellers have disap- 
peared into the bowels of the earth. 

In Peru the shock was felt over a radi- 
us of 1,670 miles. In Ecuador, 43,000 





human lives were destroyed in a twinkling 
of the eye. 

The centre of the earthquake of tho 
13th appears to have been the volcanic 
zone comprised between Arequipa, Tac- 
na, and Moquegua, where are situated six 
volcanoes—the Cailloma, the Misti, the Ubi- 
nas, the Huaina-putina, which made an 
eruption on the 13th of February, 1600 ; 
the Tutupaca and the Candarare. 

The focus of the second, that of the 
16th, in Ecuador, was in the volcanic 
fields of Ocampo, surrounded by the 3 
volcanoes, the Cotacachi, the Imbabura, the 
Pasto. 

The prefect of Arequipa, Dr. Francisco 
Chocano, in his report to the Secretary of 
State, says: That on the 13th of August, 
at 5.15 p. m., a very severe shock of earth- 
quake was felt in Arequipa, when within 
5 minutes the whole city was levelled to 
the ground. The oscillations, from S. to 
N.E., shook the soil with tremendous vio- 
lence during 7 minutes; they came accom- 
panied by gushes of air charged with elec- 
tricity ; the motion of the earth was such 
as to make it next to impossible to keep a 
firm footing or remain standing. The soil 
heaved up and fell as the surface of the sea 
during a gale. A sudden obscurity spread 
over the city, adding to the horrors of the 
event. Z'he waters became muddy in an 
instant. During the night of the 13th, 35 
shocks were counted, but the soil was in 
continuous motion. Loud detonations were 
heard every instant and wn rapid succession, 
like the rattling of musketry during a 
battle. Rents were opened in the earth; 
sources sprang forth through them so abun- 
dant as to inundate many places ; others 
have sunk and disappeared. The shocks 
continued at intervals. The Misti sent 
forth enormous columns of smoke in the 
midst of horrid detonations. 

Such Were the events of that memora- 
ble afternoon of August 13, 1868, that 
were witnessed by the inhabitants of 
Arequipa. 

All these phenomena I have reviewed 
and tried to explain are effects of volcanic 
action. Arequipa is built on the slope, 
nay, at the very foot of the Misti, and has 
at periods nearly equidistant been de- 
stroyed. 

On the 2d of January, 1582, an ex- 
tremely severe earthquake shook that city 
to its very foundations ; another, equally 
terrific, occurred in 1587; then another, 
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in 1590, that laid to the ground the city 
of Camaria, an immense tide wave invad- 
ing the ground, inundating the Peruvian 
shores ; again, on the 18th of January, 
1600, when the voleano Huayna-putina 
made an eruption ; again, on the 25th of 
November, 1604; again, in 1605, when 
the city of Arica was destroyed ; again, 
on the 13th of May, 1647—the shock was 
that time felt along the whole ‘coast ; 
again, on the 22d of August, 1715; again, 
on the 6th of February, 1716—day of the 
destruction of the city of Torata ; again, 
on the 27th of March, 1725—this earth- 
quake shook the whole southern coast, 
and the port of Callao was submerged by 
the sea ; again, on the 13th of May, 1784. 
I merely mention these earthquakes as 
they are the most important, passing in 
silence hundreds of others of minor in- 
tensity, that at short intervals have oc- 
curred, warning the inhabitants of these 
regions, that under their feet was a focus 
of electro-chemical action, whose living 
activity continually threatened their ex- 
istence. 

Commandant Thomas Layseca, of the 
forces stationed at Torata, informs us that 
the earthquake was felt at 5 p.m., lasted 
12 min.; and that from the 13th to the 
15th, date of his official report, 600 shocks 
had taken place. 

In Tacna, on the 13th of August, a grand 
oscillatory motion of the earth occurred at 
5 p.m., lasting 5 min. At that place, for 
several days previous to the 13th, subterra- 
nean noises were heard, and some light shocks 
felt. When the earthquake occurred the 
day was cloudy, and shortly after it began 
torain (a strange phenomenon in a country 
where it never rains), to the 16th of Aug., 
that is, during three days 64 vibrations, 
accompanied with subterranean noises, 
were felt ; large and deep rents opened 
on the surface, and gushing through the 
openings. In Palea and La Portada, on 
the road to Bolivia, the shocks were most 
violent. Large portions of hills became at- 
tached, and rolled down the valleys— the 
mountains being split open with frightful 
noise. . 


I will call your attention to the fact, 
that in this place the motion of the earth 
was different from that at Arequipa, being 
oscillatory, instead of undulating, as it was 
at the latter place ; notwithstanding its 
violence at both places, being such that 
men could scarcely keep their footing, the 





results were quite different. The strongly 
stone-built city of Arequipa was levelled 
to the ground, while in Tacna only 40 
houses were destroyed. 

This fact would tend to show that the 
oscillatory motion causes less ravages than 
the undulating. 

Again, the premonitory symptoms of 
the impending catastrophe were distinct, 
but passed unheeded. 

Electro - magnetic disturbances took 
place also in the atmosphere, causing rain 
to fall—an occurrence which seldom or 
ever takes place in this part of the country. 

In Chocorentu, a village in the valley of 
Acari, the earthquake took place at 4.30, 
destroying all the houses in the valley. 
The shocks succeeded each other in rapid 
succession ; the sea rose mountain high, 
and ran inland one and a half miles ; all 
the watercourses became dry ; the ground 
opened in many places, and water gushed 
up through the fissures in large bubbles ; 
continuous noises, resembling the roaring 
of cannons in a battle-field,were heard in- 
cessantly. 

It would seem that the phenomenon 
manifested itself at this place 30 min. in 
advance of the other localities ; but this 
is evidently an error of computation of 
time on the part of the observer ; for this 
valley is in close proximity to the other 
places. 

In Moquequa, the earth began to shake 
at 4.45 p.m., five minutes in advance of 
Arequipa and Arica, about 90 miles to 
the southwest of the former city. There 
the vibrations were always preceded by 
electric discharges, louder than the heaviest 
cannonading ; were from east to west, al- 
ternating with vertical shocks, and suc- 
ceeded each other with frightful rapidity 
during 5to6 min. The hills of limestone 
were split, the rocks rent in small pieces. 
The soil opened, and through the open- 
ings issued streams of blackish and pestif- 
erous water. 

With Arequipa and Moquequa, the city 
of Arica is that which has suffered the 
most. Situated on the sea-coast 40 miles 
to the southwest of Tacno, it is the most 
important port of Peru, next to Callao. 

At 5 p.m., a very severe earthquake was 
felt on shore, says the commandant of the 
ill-fated frigate America, which was strand- 
ed that day. “All the houses in the city 
surged, and with an ominous crash fell to 
pieces ; then the earth was seen to open, 
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a rolling, rumbling noise was heard, and 
gasex, stifling gases, emanating from the 
fissures, soon filled the atmosphere, se- 
verely oppressing all living creatures, 
causing them a sensation of suffocation. 
The shocks lasted 10 min., and succeeded 
each other at short intervals, and were 
accompanied with subterranean explo- 
sions. The hills themselves were seen to 
stagger like intoxicated beings. Large 
boulders, detached from their brows, roll- 
ed down their. slopes, while their sides 
were seen to give up the dead bodies of 
the Aymarcis, that for centuries had been 
intrusted to their safe keeping, and had 
so long peacefully slept in their solitary 
resting-place, the slumber of death. These 
mummies seemed to have emerged from 
their graves, as if to witness the convul- 
sions of mother earth ; and their lifeless 
mouths appeared to laugh, exhibiting 
gumless rows of white teeth, at the terror 
of the living seeking refuge in .open 
places, and flying to the top of the high 
lands for their lives. 

The shocks came from the south ; the 
skies were stormy, a very light wind blew 
from a southerly direction. The whole 
soil of the country, as far as it could be 
seen, was moving ; first like a wave, from 
north to south, then it tremb‘ed, and at 
last upheaved heavily. 

During that time a very sirong current 
from the south set in in the bay. The cur- 
rent was so strong as to set adrift the 
boat of the frigate America, sent to shore 
for the commandant, notwithstanding the 
efforts of the crew. It measured 5} miles 
an hour, lasted 5 min. Then came a 
second current from the opposite direction; 
this left the bay nearly dry. 

Currents, now from the north, then 
from the south, succeeded each other with 
great frequency, and became so rapid as 
to make it impossible to send boats to 
rescue the people who were seen fioating 
on the palisade and imploring help. The 
frigate began to drag her chains and an- 
chors. At 6.45 p.m. the currents increased 


5 


to 94 miles, their duration being from 
to 10 min. ; at 7.5 p.m. a current came 


from the south, its rate 10} miles. Then 
the sea began to retire slowly from the 
shores, leaving the boatsdry. It receded 
about to the line of extreme low tide, 
when at once it rose again and invaded 
the land. It reached a height of 34 ft. 
above high-water mark, overflowed the 


| 
| 


| town, and destroyed everything that the 





earthquake had left standing. The waters 
rushed back in the ocean, and rose again 
to the same height as before. Several 
times did the advancing waves wash over 
the doomed city ; several times the force 
of the waters carried all the debris of the 
ruined habitations of men, until at last, 
retreating about 2 miles, it returned as an 
immense wave 50 ft. high, carrying the 
frigate America more than a mile beyond 
the railway tract, in a place called Chin- 
chero, and the American ship Wateree 
about a mile further up the beach. 

Eleven tidal waves occurred, the inter- 
vening time between each invasive wave 
was 3 min., the third invasion having oc- 
curred soon after the first, and the last and 
largest 20 min. after the first. 

At Iquique the earthquake lasted 5 min., 
the sea rose 30 ft. above its ordinary high- 
water mark, and covered the town to the 
extension of 600 ft. 

At Ilo,-north of Arica, the sea retired, 
leaving the ships completely dry, and ris- 
ing again in a wave 40 ft. high washed 
away all the houses and everything else. 

At Islay the waves obtained also an alti- 
tude of 40 ft. over their natural level, and 
covered 3 times the wharf without doing 
much injury. The town, being built on 
the summit of a very high cliff, escaped 
destruction. 

Caracas, a small landing place near 
Jisco, was swallowed by the sea, and the 
boats that were in the bay carried away 
and left two miles inland. 

In Callao: the earthquake was felt at 
4.46 p.m.. It came with an oscillatory mo- 
tion—a motion similar to that of a boat in 
calm weather; it lasted 10 min.; at 6.30 Pp. 
m. another shock was felt, of 5 min. dura- 
tion. A few minutes before 7, high-water was 
to take place. The water, instead, began 
to recede; at 10.30, for the first time, the 
water reached a higher level than it was 
ever known to have attained before, within 
the memory of man; at 11 a tremendous 
wave, 18 ft. high, invaded the land to 
upward of 600 ft. from the beach; currents 
set in from opposite directions at a velo- 
city of 3 to 4 miles an hour; at the time 
a soft breeze from S.W. blew, the atmos- 
phére was perfectly clear. 

These are, in as few words as possible, 
the phenomena that were noticed during 
the terrible cataclysm of the 13th of Aug- 
ust, 1868; the greatest, perhaps, on rec- 





ord, with that of the 16th of the same 
month, which visited the province of Im- 
babura during our historical period. 

Following the great tidal wave which 
originated on the coast of Pera, on its 
way across the Pacific, and taking into 
account that the difference in longitude 
between Arica and New Zealand is ap- 
proximatively 9 hours, we shall find that 
the wave having reached the New Zealand 
coast at 6 4. m. of the 15th has employed 
29 hours to travel 6,120 miles. Its velocity 
may, therefore, be computed at 211 miles 
per hour. Its violence, even then, was 
extraordinary. The Island of Chatham to 
the eastward suffered greatly, for the 
wave that struck it was of such magnitude 
as to completely destroy the colony of 
Tupinga on the North. 
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The tidal wave reached Hokodadi 
(Japan) at 10 a. m. on the 15th, present- 
ing itself by a series of waves that caused 
the sea to recede 2nd be depressed until 
3 yp. mM. under its level, and rise again 
above it with great velocity. During 10 
min. per watch a difference of 5 ft. was 
measured; the constant elevation and de- 
pression of the tide at that place being 
only 25 to 3 ft. 

It reached the Sandwich Islands on the 
Lith at 8.46 ve. m., and continued to mani- 
fest itself during the 14th, 15th, and 16th, 

| by a series of waves, rising and receding 
3 to 4 ft. every 10 min. 
From these data a comparative table 
' showing the time employed by the tidal 
wave to reach the different places may 
| be thus formed: 


LocaL TIME 





Dates. H. 





Peru 
Sandwich Islands . 
New Zealand 


Fifty-six hours after the ruin of Are- 
quipa and other cities of Peru, another 
terrible cataclysm visited the northern 
provinces of Ecuador. The volcanic fields 


of Ocampo seemed to have been the focus | 


ofthe electro-chemical action whose effects 
culminated in the destruction of 40,000 
human lives, and the ruin of the cities of 
Otabalo, Ibarra, Atmitaqui, Catacachi, 
Perucho, San Antonio, San Pablo, and 
many smaller towns and villages besides 
part of the city of Quito, the ancient cap- 
ital of the Seyris, or Kings that governed 
the Empire of Quito, before its conquest 
by Huayna-Capac, and the modern capi- 
tal of the Republic of Ecuador. 

Quito, built on the slopes of the volcano 
Pichincha, is elevated 9,500 ft. above the 
level of the ocean. Several times it has 
suffered from the eruptions of the Pi- 


chincha since the conquest, the most re- | 


markable being those that occurred in 
1575, 1587, and 1660. The cataclysm of the 


T) 

e 7 

6 | 
| 


| broad, a great many volcanoes, which, for 
| the most part, at different epochs since 
| the conquest, have given the most unmis- 
takable proofs of activity. The Chimbo- 
razo, the Cotopaxi, the Pichincha, the 
| Altar, the Illinaza, the Corazon, the Ca- 
‘yambé, the Riobamba, the Sangai, and 
many minor ones, are here gathered near- 
ly within sight of each other. 

The earthquakes that visite Chili, Peru, 
| Eeuador, and California, withen the five 
days that elapsed between the 13th and 
19th of Angust, notwithstanding their 
synchronism, did not originate from the 
same centre of action. Each had a dis- 
tinct focus, to which a greater activity 
was communicated by coming in contact 
with some of the points of the voltaic 
arch formed, in those days, by the relative 
positions of the sun, moon, and earth. 

In Quito meteorologic disturbances oc- 
‘curred on the 15th: heavy showers of 
| rain and hail, and heavy thunder; at 1.20 





16th of August seems, however, to have | a. m. of the 16th a severe shock of earth- 
been the most disastrous that has afflicted | quake was felt, then the earth continued 
these regions, the most volcanic known | to shake ut intervals to the 19th. All the 
on the globe. Here are found grouped | principal churches were levelled to the 
on a plateau about 200 miles long by 80 | ground. 
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In the district of Catuchi two towns 
were totally destroyed without leaving a 
trace of having existed. The town of 
Atmitaqui was destroyed; in that of Ibar- 
ra, the capital of the province of Imba- 
buri, 13,000 persons perished; rents were 
opened and closed, huge pieces of rocks 
were seen tumbling down the sides of the 
mountains, hills sank, carrying with them 
sugar-cane plantations, houses and every- 
thing on them. That where the city of 
Otavalo was built, sank and was replaced 
by a lake. Where Cotacachi once stood 
is now as wamp; large quantities of stones 
were hurled from the Cotacachi; from 
the Imbaburu issued a torrent of mud, 
the flow of which was followed by that of 
water; from the crater of the Ocampo 
were ejected large quantities of bituminous 
matter. The Sangai was seen in a state 
of constant eruption. Dark clouds of 
dust and a heavy rain of fine powdered 
earthy matters fell; a total darkness pre- 
vailed and covered the country as a pall, 
the obscurity of which was illuminated at 
intervals by flashes of light from the vol- 
canoes, amidst continuous detonations 
that resembled the roaring of a distant 
cannonading. 

Resuming all these data, I came to the 
conclusion, that the production of these 
phenomena had its origin in 4 different 
centres of action. Those felt in Peru had 
for centre the country between Moquegua, 





Arequipa and Arica, encircled by the 4 
voleanoes—the Misti, at the foot of which 
is situated Arequipa; the Huayna-puti- 
na, the Ubinas, and the Tutapaca, forming 
part of the chain of Cordilleras immedi- 
ately behind Moquegua. 

2. The earthquakes that shook the 
greatest part of Chili seems to have origi- 
nated in the volcano of Leullallco, situated 
240 miles from Copiapo. It was reported 
to have broken out in a violent eruption, 
its crater vomiting lava, ejecting large 
stones; the ground at the base of the 
mountain opened in numerous places, and 
through the rents spouted forth currents 
of water impregnated with sulphuretted 
hydrogen gas; these occurred on the 14th 
and 15th of August. 

_8. The earthquakes that destroyed the 
northern parts of Ecuador had their 
centres of action in the fields of Ocampo, 
and in some of the numerous active vol- 
canoes that are strewed all over the great 
platean of Quito. They took place on the 
16th of August. 

4. The earthquake that occurred the 
16th of August in San Francisco and vari- 
ous other places in California, had prob- 
ably their origin among the numerous 
voleanic fields that are so frequently met 
with in that country; and their centre of 
action may have been the same that has 
produced lately the earthquakes of Sacra- 
mento, Inyo, and other places. 





THE NEW ZEALAND FLAX. 


From “ Journal of the Society of Arts,” 


A report of the Flax Commission, ap- 
pointed to investigate the preparation 
and the relative value of the Phormium 
fibre, or New Zealand flax, has ben print- 
ed, in which the microscopic structure 
and chemical composition of this plant, 
together with its market prices and general 
use, as compared with Irish fiax and 
Russian and Manilla hemp, are set forth. 
It appears that there are several flax-mills 
at work in the colony, varying in their 
efficiency and the quality of the article 
produced; but that room yet remains for 
further improvements to be effected. The 
first duty undertaken by the commis- 
sioners was to visit the chief districts 
where Phormium fibre is prepared, and to 
inquire into the different processes of 





manufacture. The tables of the Regi- 
strar-General had shown that, during the 
year 1870, there were 161 mills in opera- 
tion, with an aggregate of 342 stripping 
machines, employing 1,450 horse-power, 
1,766 persons, the produce being 4,457 
tons of fibre; but several proprietors had 
closed their mills at the time of this 
commission, in consequence of the fall in 
the value of the fibre. The inspection by 
the commissioners, of the mills then ac- 
tually at work, proved that throughout 
the colony one almost universal method 
of manufacture is adopted, with the view 
of producing fibre for rope-making. The 
green leaves are stripped by revolving 
rollers with projecting oti, travelling 


at a high rate of speed, which crush the 
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epidermis against a fixed plate so set as 
to allow room for the fibre to remain 
intact. The fibre, thus freed from the 
leaf of the plant, is washed by various 
methods, put on the ground or on lines 
to dry and bleach, finished by an arm or 
barrel-scutch, and when baled is ready for 
the market. No material alterations in 
the manufacturing processes have been 
made, but a more skilled labor and 
enlarged experience have improved the 
general quality of the fibre, so that it is 
more eagerly competed for in the London 
market, as approaching nearer the appear- 
ance of Manilla hemp, and is in fact 
capable, in the opinion of competent 
judges, of being so prepared as to sur- 
pass it. The chief improvement, recently 
introduced, is the wet-scutching. by 
which the fibre is cleaned and softened, 
although it has not always been com- 
mercially successful, for, whilst local 
purchasers were ready to give £3 per 
ton extra for the flax, the loss of fibre by 
formation of an excessive amount of tow, 
and the additional expense of labor, 
increased the cost from £6 to £10, so 
that the new process was abandoned; but, 
notwithstanding this, the commissioners 
strongly recommend it for further trial. 
The mills are chiefly worked by steam 
power, and good streams of water are 
also essential for the effectual washing of 
the fibre, which, when carefully prepared 
and neatly baled, fetches as much as 
from £17 to £21 per ton, although the 
ordinary price is about £15. The cut- 
ting of the flax leaves is an important 
point. In some fields an established 
vigorous plant, in suitable soil, will yield 
four good leaves for manufacture every 
year. The leaves are usually of twelve 
months’ growth, and vary from 3 to 
5 ft. long. In some parts they are 
greatly injured by a small “looper” 
caterpillar, about an inch in length, which 
eats quite through the fibre, in patches 
from a half to two inches, and a quarter 
of an inch broad. This insect comes to 
its full size, and is most numerous, in the 
month of December. Of the leaves, when 
cut 5} tons yield one ton of fibre. They 
are mostly found after two years’ growth 
to have passed their prime, and begun to 
decay. The green strippings of the leaf 
form food for the horses. Extensive 
areas, covered with wild Phormium plants, 
leased from the natives, with abundance 





of water at hand, and labor ata moderate 
rate, render some of the mills highly pro- 
fitable. They, of course, vary in their 
value, and improved plans of scutching, 
setting, rolling, and washing, with other 
important points in the process, are occu- 
pying the attention of the manufacturers 
generally. The commissioners state that 
more life and enterprise in respect to the 
fibre industry are to be found in Canter- 
bury than in any other province. An 
interesting question has been raised as to 
the relative durability of the Phormium 
fibre rope. It is discovered that the New 
Zealand white rope, when kept dry, will 
last longer, and wear 60 per cent. better, 
than tarred rope of the same material, 
and 34 per cent. better than Manilla hemp 
rope, although this last is found to be 
actually improved when wetted with salt 
water, in consequence, it is believed, of 
the shrinkage—equal to 5} per cent— 
which takes place, whilst the effect of the 
salt water on the New Zealand rope 
reduces its lasting qualities 34 per cent. 
The Phormium rope of Canterbury, when 
oiled, is proved to possess a great power 
of resisting wet. Plain New Zealand rope, 
constantly in the water in a Californian 
pump, was found to last not more than 
seven or eight days; Manilla rope would 
run for twenty days; but a piece of the 
oiled New Zealand rope did not give way 
till it had been 95 days in continual wear. 
For heavy work and running gear, the 
fibre has been so successfully treated, 
being divested of the gum and otherwise 
strengthened, as to become, in the esti- 
mation of many, more valuable than 
Russian or Manilla hemp. From samples 
carefully collected by the commissioners, 
the breaking strains of a large portion 
have been determined, and it is shown 
that the strength of the several descrip- 
tions at present exported varies from 53 
to 84, with an average of 69, as compared 
with Manilla, which is taken as the stand- 
ard at 100. On the other hand, the 
samplesof native-dressed fibre ranged from 
70 to 122, with an average of 91. In the 
northern and central districts, the quality 
of the fibre thus tested has been best, but 
in the south there isa marked absence 
now of those inferior qualities which once 
created an unfavorable impression in the 
home markets. There has been a classifi- 
cation of fibres, according to the manner 
in which they are cleaned and freed from 
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scull, and also in reference to their color 
and texture. Such terms as ‘mixed in 
color,” “harsh,” “wiry,” “poor color,” 
“green and brown,” “red ends,” “crop- 
py,’ “coarse,” “rough,” “much straw,” 
and “heeled,” are of frequent use, and 
indicate differences in value to the extent 
of several pounds sterling per ton. It is 
also mentioned that the sisal fibre, which 
is obtained in Yucatan from a species of 
aloe, is the only kind that will compete 
with the Phormium as a substitute for 
Manilla. The native-dressed Phormium 
appears to be the finest, but it has been 
found almost impossible to obtain any 
large supply of it. It may be interesting 
to add, that there are several kinds of 
this peculiar fibre, differing chiefly in 
their color, especially of the edges and 
mid-rib, and that the growth of the plant 
in its earlier stages is exceeding slow. It 
is, moreover, found that the varieties 
are most surely perpetuated by sub-divi- 
ding the roots. The structure and mode 


of growth of these roots show that a true 
under-ground stem is formed with fibrous 
rootlets, which stem, after a growth of 
several years, with a succession of leaves, 


bears a flower stalk, und then decays; but 
it also, during the period of its growth, 
gives off lateral buds, from which new 
fans proceed, acquire their own roots, and 
finally become independent plants, clus- 
tering together, and forming unusually 
large bushes. In propagating the plant, 
these lateral fans, as soon as rootlets have 
been formed, may be removed and trans- 
planted in the same way as tubers, and 
will be vigorous in proportion to the 
amount of nutritious matter which has 
been accumulated in them. It is not yet 
certain to what extent the repeated cut- 
ting of the leaves for manufacture affects 
the development of the flower stalk, the 
increase of the root, and the formation of 
the new fans. And, indeed, the normal 
growth of this plant is a matter still sur- 
rounded with doubt. It is difficult to say 
what its full value may be, since maturity 
is not attained until after several years, 
so that the system of taking the leaves 
after two or three years’ growth is no real 
test of its capabilities, and on this ac- 
count the commissioners do not recom- 
mend its cultivation on an extensive scale, 
more especially as there is more than a 
sufficient supply of the raw material to 
meet a much larger demand than at pres- 


/ent exists. Manufacturers prefer the 
| Phormium that grows on high or dry 
ground, as itis purer, and more easily strip- 
| ped than that found in swamps. There 
| appear to be as many as 55 varieties of 
| this plant, as distinguished by the natives, 
| but it is believed that 20 marked varie- 
ties are all that can be accurately defined. 
|The commissioners feel confident that 
| Phormium has now acquired a perma- 
| ment hold on the market at a remunera- 
itive value, and that past failures have 
| arisen, not so much from any fault inher- 
ent to the plant, as from want of experi- 
ence. It is where there have been labor 
at a moderate rate, abundant raw material, 
and water for motive power and washing, 
that the fibre has been produced with the 
largest amount of profit. In every case, 
minute care and constant attention are 
requisite for the production of the finest 
descriptions and qualities of the fibre. 
The commissioners summarize the infor- 
mation they have collected by referring 
concisely to the chief points in the manu- 
facture of a good quality of fibre. The 
selection of the leaves, which should have 
frum 14 to 20 months’ growth, and their 
careful preparation, is a‘matter of prime 
importance. Cure must also be taken 
that the machinery be kept clean and in 
perfect adjustment. The washing of the 
fibre, after it has been reduced to finely- 
divided bundles, is essential, to secure 
excellence of quality, but long soaking is 
to be avoided, as tending to make the 
fibre soft and cottony. The rolling is 
advantageous when the washing has been 
completed, as it consolidates and defines 
the bundles, and the bleaching and drying 
which follow should be effected with 
rapidity. Scutching is the next step in 
the process, which, where the former 
parts have been efficiently carried out, 
should be performed rather with the view 
of burnishing the fibre than of reducing 
the quantity, by the production of a large 
proportion of tow. The use of oil is 
found to improve the appearance of the 
fibre, and also reduces its liability to 
undergo further maceration in water. It 
is best applied as the final stage of the 
seutching. The animal oil used by the 
natives is pronounced to be the best, and 
superior to the application of tar, which 
has an action on the fibre like that of 
acids, With respect to the baling, wire 
{or hoop-iron is condemned. Scrim or 








ARCHITECTURE OF 


THE 


SECOND EMPIRE. 587 





other light cloth is in general favor for 
this purpose. The use of the plantain 
leaves for the Manilla bale suggests that 


; 
| names applied to the 


other roping fibres 


| with which it has to compete in foreign 
markets. 


the New Zealand fibre might be economi- | 
commissioners’ report: — 


cally and safely baled in coverings made 
from its refuse leaves. 


The dimensions, | 


also, of the Manilla bale are recommended. | 


It measures 3 ft. 3 in. by 1 ft. 8in., by 1 
ft. 8 in., and weighs about 2} ewt. The 
commissioners urge that the name “phor- 
mium” should be adopted for this New 
Zealand fibre, as avoiding misconception, 


| 


and being more in keeping with the | 


} 
| 
| 


l 


| 
} 
| 
| 


before 


Circumference 
experiment. 


Dry: 


(white) 


New Zealand 
- (tarred) 


white) 


CER Gates Ginaikd o Bacdnecd 


New Zealand f 


Circumference 


| In five distinct qualities brought to public sale 


The following tables are taken from the 


Krom April. 1870, to May, 1871. 
Bales. 


in London 
Sea-damaged 
Tow 


36,008 
87 
1,546 
L. & 
06 O 


Total value, reckoning 6 bales to 1 ton 
i 23 8 


Average price.... 


RELATIVE DURABILITY AND WEAR. 


| 


after 
experiment, 
No. of feet run 
at 
4,575 per hour. 
No. of miles 
Durability per 
cent. 


| 
| 


915,000 
1,281,000 
686,250 


1,006,500 
915.000 
869, 250 


1% 
1 3.3 
3 | 164.6 


It is hoped that a method of preparing ; suitable for the manufacture of textile 


the fibre before shipment, that will soften | fabrics, will be ultimately 


crowned with 


and divide it sufiiciently fine to make it | success. 


A FRENCH ARCHITECT ON THE 


ARCHITECTURE OF THE 


SECOND EMPIRE. 


From 


Frenchmen, naturally more emotional 
than ourselves, are more given to import 
their emotions into their business affairs. 
Since the downfall of the Napoleonic dy- 
nasty, and the crushing disasters which 
followed it, little has been publicly spoken 
or written in France 
whatever without an ultimate reference 
to the woes of the country and their sup- 
posed causes, or without an anathema 
hurled against the invader. The archi- 
tects of France have, naturally enough, 
proved no exception to this rule. In grave- 
side orations they have added a political 
lament to the expression of personal sor- 


‘*The Builder, ’’ 


have endeavored to cast odium of failure 
on the shoulders of the régime under 
which they recently flourished. One of 
the latest architectural opponents of the 


' Second Empire is M. Daniel Ramée, and 


on any subject | 
| sional journals. 


his strictures have been admitted, under 
reserve, into one of the Parisian profes- 
The charges which he 


brings forward are numerous, and express- 


! 


| 
| 


row, and in written disquisitions they | 
. 


ed in no measured terms. Many of his con- 
fréres differ from him; but many also agree 
with him, and in order that our readers 
may understand the views of those French 
architects who look on the darkest side, 
we translate a portion of his lengthy ti- 
rade. He says :-- 
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During the eighteen years from 1852 to 
1870, Paris and many other towns in 
France have completely changed their as- 
pect. The venerable monuments which 
recall the national traditions and memo- 
ries and glories of the past have been 
gravely marred and mutilated, cut down, 
and hacked about,—have even been 
thrown to the ground to make way for 
edifices of no intrinsic artistic merit. 
Moreover, a deplorable change has gradu- 
ally taken place in the public taste, and 
particularly in architecture. There has, 
perhaps, never been an epoch which is 
richer in resources and materials of all 
kinds; and never in any epoch or among 
any people have public works absorbed a 
larger amount of the public money. Yet 
there has never been a people who, with 
so vast means of execution, have produc- 
ed such paltry results, or results so sad 
and regrettable. 

The degradation in which architects lay 
under the feet of the Second Empire arose 
from two principal causes:—first, the 
equivocal and pernicious management of 
new architectural schemes; and second, 


the thoroughly bad and insufficient edu- 
cation given to students destined for the 


architectural profession. It is of the first 
alone that we shall speak. Under the Sec- 
ond Empire everything was sacrificed to 
the consolidation of the throne of Napol- 
eon,andin pandering to the depraved 
tastes of those who helped to establish it. 
Under that Empire architecture, like the 
other arts, was abandoned to intrigue, and 
partially to baseness, to masterly incapaci- 
ty, to confusion, and to disorder. And ar- 
chitecture itself was without unity, with- 
out knowledge of its lofty purpose, with- 
out sincerity, without healthful fancy, and 
last of all without that elegance which is 
one of its chief attractions. All these 
faults arose from the absence of a capable, 
enlightened, independent, sagacious, and 
really national supervision. The ministry 
of Public Works was awarded by chance, 
by favoritism, or through the influence of 
those in Court favor, and was at the 
mercy of vain and inflated cliques, who 
utilized the power of office to carry out 
their own whimsical and fantastic caprices. 
Hence naturally emanated those servile 
and often burlesque conceptions in which 
oddity and frivolity predominate, in which 
@meagre and foolish fancy prevails, and 
which are marked by degeneracy of taste 





and a want of suitability to the times,— 
in short, which, while seeking to derive 
inspiration from the masters of the art, 
only succeed in bringing forth hybrid 
works without character; which are dis- 
played, too, with impertinent assurance 
and stupid satisfaction before the public, 
in whom they excite little interest and 
still less admiration. For the real non- 
official public looked with a cold and in- 
different eye on those edifices which cost 
it so dear, which itsaw surcharged with 
blunders and inconceivable artistic liber- 
ties, and which are but bad imitations of 
the styles of the past on their decadence. 
This public was, moreover, disgusted with 
the boastfulness which thought to impose 
on enlightened and independent specta- 
tors; it was astounded atthe audacious 
presumption which outraged and violated 
it, which provoked and annoyed reflective 
people, and which excited the contempt 
of all true artists. 

The more we regard the architecture of 
the eighteen years of the Second Empire 
the more does it appear insipid and incon- 
sistent. The works produced during that 
time are only an eternal reproduction of 
academic types, which have been stereo- 
typed for years, and which it is fatiguing 
to encounter without variation on every 
occasion. 

To pile stones on stones, mouldings on 
mouldings, columns on columns, to fill 
deformed niches with second-rate statues, 
or to raise them on pedestals and entabla- 
tures, to leave no blank space in the ele- 
vations, but to cover them over with de- 
based profiles and sculptures of doubtful 
merit, to add ornaments which are of no 
conceivable use in the positions which they 
hold, except to mislead the eye, and de- 
tract it from the weakness and poverty of 
the architectural composition, has not re- 
sulted in the production of a real work of 
art, and has only given satisfaction to the 
vulgar and the interested creatures of the 
Empire, but never to those animated with 
a love of what is suitable and beautiful 
and true. The First, like the Second Em- 
pire, suppressed liberty, and used its 
every energy to hasten the national deca- 
dence, so that it might establish its own 
absolutism. The intellectual tone has 
been lowered, and all creations of the 
imagination have been less bright and 
glorious. The Arts were stranded in the 
universal shipwreck in which our military 
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glory foundered. With very rare excep- 
tions, the buildings of the Second Em- 
pire, tricked out in the unintelligent gaudi- 
ness of the parvenu, and hurried up with 
so much precipitation, reminds us of the 
structures of Augustus and of Constan- 
tine. To produce works quickly and 





abundantly, to prefer quantity to quality, 
seem to have been the device of these 
princes—and notably of the former— 
to consolidate their dynasties ; and the 
Second Empire has not failed to pursue 
the same course with the same end in 
view. 


RAILROADS IN PERU. 


By. F. J. CISNEROS, 


Written for Van Nostrand’s Magazine. 


During the Presidency of Don Juan A. 
Pezet, in 1864, the Peruvian Congress 
passed a bill promoting the construction 
of easy and speedy railroads, for whieh, in 
addition to other subsidies, an annual in- 
terest of 7 per cent. during the period of 
25 years, was also granted to any compa- 
ny that would untertake the construction 
of railroads at their own expense. 

Many causes prevented the execution 
of these plans until 1868, when the Presi- 
dent was authorized to make contracts 
for the construction of railroads “to Are- 
quipa, Puno, and Cuzco; from Chimbote 


to Santa or Huaraz; from Trujillo to Pa- | 
casmayo and Cajamarca; from Lima to| 


Jauja ; and to all other places where they 
are needed.” 


Colonel José Balta, then President of | t 
| every body in Peru understands the ad- 


the Republic, has until now endeavored 
to carry out the provisions of that bill, 
with the greatest energy, and he has suc- 
ceeded beyond public expectation. So 
they have now in Peru 28 railroads, some 
of them in a working condition, some in 
process of construction, and the rest al- 
ready nearly finished. 
They are the following : 


From Arequipa to Puno 
** Arica to Tacna 
Callao to Oroya. .... 
Chancay to Cerro de Pasco 
Chimbote to Huaras ie 


232 miles. 
“ 
“ee 
“ 


“ce 
“ 


Eten to Ferrenafe 

Haacho to Sayan 

Tlo to Moquegua 

Iquique to Petia 

Tquique to Noria 

Lima to Callao 

Lima to Chancay and Huacho 

Lima to Chorrillos ....... penesenene 
Lima to Magdalena 

Lima to Pisco 

Malabrigo to Ascope ............... 
Mollendo to Arequipa 

Cerro de Pasco to Pasco...........+ 
Pacasmayo to Guadalupe 

Pacasmayo to Magdalena 

Paita to Piura 


“ 
“ 
“ 
“oe 
“ce 
ae 
ar 
“oc 
“ 
ia 
“ 
“ce 
oe 
“ee 








| vegetable wealth. 
‘tors have undertaken the construction of 


From Pisco to Ica 
‘* Pisagua to Sul de Ubispo . 
“  Juliaca al Cuzco 
** Salaverry to Trujillo 
‘* Tacna to the Bolivian frontier 
** Tacna to Puno 
* Trujillo to Eteu 


The whole length of these roads is 
2,310 English miles, or 3,716.80 kilome- 
tres, of which about 500 kilometres were 
in operation at the end of last year, viz.: 
from Eten to Chiclayo, from Lima to 
Chancay, from Lima to Callao, from Lima 


| to Chorrillos, from Pisco to Ica, from 
| Mollendo to Arequipa, from Tacna to 


Arica, from Iquique to Norria, from Lima 
to Cocachacra, and from Cerro de Pasco 
to Sacrafamilia. 

Many local exigencies have prevented 
the completion of all these lines, but 


vantages of having a net of rails through- 
out the territory. Peru possesses exten- 
sive forests with valuable timber, rich 
mines and fertile lands, separated from 
the coast by high mountains, making the 
transportation of their productions so ex- 
pensive that nobody considers them as 
an element of productive trade. Of course, 
railroads will develop all these riches, 
and will pour them into the foreign mar- 
ket. 

The railroad from Tacna to the frontier 
of Bolivia, will be very useful to this State, 
a country so abounding in mineral and 
Some foreign specula- 


this road and the Peruvian Government 


| will give about $6,000,000, the third part 
of the capital needed: 


Bolivia will also profit, through Lake 


| Titicaca, by the construction of a railroad 


from Arequipa to Puno. 
All these projects, when carried to exe- 
cution, will considerably increase the pros- 
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perity of Peru, and will finally communi- 
cate by connecting the interior lines, the 
shores of the Atlantic with those of the 
Pacific Ocean. Until now nothing has 
been made to connect the interior lines, 
but the communication with the Atlantic 
would be an easy undertaking by pro- 
longing the Lima and Oroya railroad to 
Acobamba, Fuerte, San Roman, and 
Mairo, hence to the confluence of the 
River Pachitea and Ucayali. From this 
river to the Amazon, navigation is very 
easy. 

Another way of reaching the Atlantic 
would be by the prolongation of the Juli- 
aca and Cuzco railroad. Urubamba river, 
which passes near Cuzco, is not easily 
navigated from Mision to Mainiqui, but 
from here to its mouths many travellers 
assure us that navigation is entirely safe. 
Between Cuzco and Mainiqui there are 
210 miles; both places being united, the 
southern part of Peru will have an easy 
communication with the Atlantic. We 
are almost sure that both projects will be 
carried ont, although great expense must 
be incurred on account of the obstacles of 
the surface because that part of the coun- 
try possesses many valuable riches, and 
Bolivia needs that communication for her 
foreign trade. 

Besides, the enterprise of constructing 
a railroad from Lima to Oroya, and from 
Puno to Cuzco, is in the hands of Mr. 
Henry Meiggs, and he, knowing the ad- 
vantages of such communications, will 
undoubtedly conquer, with his indefati- 
gable energy, every obstacle that would 
deter many another enterprising capi- 
talist. 

The name of Henry Meiggs is connected 
with the most important enterprises in 
Peru. Besides the construction of the 
above-mentioned roads, the Government 
has authorized him to construct the rail- 
roads from Mollendo to Arequipa, from 
Arequipa to Puno, from Ilo to Moquegua, 
from Pacasmayo to Magdalena, from Pa- 
casmayo to Cajamarca, from Pacasmayo 
to Guadalupe, and from Chimbote to Hu- 
araz. 

Mr. Meiggs has not confined himself to 
railroad enterprises. He is now superin- 
tending the building of 1,000 houses on 
the ground where the walls of Lima were 
once erected. He has asked also permis- 
sion to establish a line of cars around that 
city. 





Peru has sufficient resources to carry 
out the most expensive projects, as can 
be seen by the following statistics of her 
imports and exports : 

Import. Export. 
From Callao yearly $24,000,000... . $48,000,000 

 Tquique “ 4,800,000... 7,200,000 

“ Arica“ 6,500,000.... 3,156,245 

The principal article of exportation is 
the guano, of which are exported through 
Callao 500,000 tons, valued at $20,000,000. 

According to the statistics published in 
Lima, in 1868, 7,175,195 tons of guano 
were exported from the 19th of February, 
1842, to the 31st of December, 1867. To- 
tal value, $218,693,625. 

Besides guano, a large quantity of ni- 
trate of soda is yearly exported through 
Iquique. The exportation of this sub- 
stance increases daily, and in 1870 
amounted to 147,205 tons, the value of 
which was $8,832,000. 

The incomes and expenditures are as 
follows : 

INCOME. 


Duties on export 
* on import 
ae cccwissscccccavecesssus 
Tax on real estate 
Duties on patents 
‘* on stamps 
PS MD sini shod: enak bead. xnasnaieaon 


Other incomes 7,895,400 


$58,982,751 


EXPENDITURF. 
RUE cana cagnes secnes ay csse wenees 26,460,004 
Foreign affairs 490,043 
Justice, public instruction 4,632,333 
Army and navy 10,870,762 
Finances, commerce 4,812,564 
Payment of public debt on public works 30,729,058 


$57,913,764 

Leaving a surplus of $1,069,087. 

Although many new expenses have been 
incurred since the publication of these 
figures, Peru still has sufficient means to 
carry into effect all her important enter- 
prises ; her resources are inexhaustible ; 
new ones are daily discovered. 

The railroads are developing the riches 
of the interior provinces. In the depart- 
ment of Ancachs, where they are now 
constructing a railroad from Chimbote to 
Huaraz, the land produces every kind of 
fruit ; gold, silver, and copper mines are 
found there, and it is assured that coal is 
also found there in large quantity; this 
article, imported from England, at present 
being very dear on the Pacific coast. Thus 
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the working of the mines in that depart- | lightened population the means of devel- 
ment will greatly increase the revenue of | oping industry and commerce, and. that 
Peru. This country needs only peace | part of our American continent will be, in 
and easy communications to furnish the | the course of a few years, a centre of ac- 
world with many precious and valuable | tivity and an emporium of nature’s choic- 


articles. 
May everlasting peace give to her en- 


| est riches. 
New Yorn, February, 1872. 


COTTAGE BUILDING IN NORWAY AND SOME OF ITS 
TEACHINGS. 


From “ The Builder.” 


In the present state of things architec- 
tural, so confused, and with so much that 
indicates a fast-coming change, it must 
be not a little interesting to inquire into 
the work and methods of work of those 
who have not had, as we have, vast heaps 
of arts “ precedent” to go by and to copy. 
It is not a little singular to reflect on that 
it has been reserved for these modern 
days to be soentirely at the mercy of 
what has gone before. In no other age 
of the world has the architect of the then 
present been at the mercy of that which 
preceded it. It never would seem to 
have copied,——-always followed or second- 
ed. Each age or generation took up the 
work as left by those who preceded it, im- 
proved on it or not, as the case might be, 
and so, in effect, left behind them practi- 
cally a new style,a growth out of that 
which preceded it. It did not copy or 
make effort to reproduce what had gone 
before, but simply went on with the 
work, and, by degrees, worked out a new 
style. Nothing can show this more con- 
vincingly than the primitive system of 
hut or cottage building in Norway,—i.ec., 
in those parts of it removed from the in- 


fluences of modern and new systems of | 


construction and new and patent mate- 
rials. The subject is a curious one, and 
worth a little consideration and inquiring 
into, if only asa primitive system of doing 
things before style commenced, and be- 
fore any one ever thought of copying. 
How to build architecturally and artistical- 
ly, without any architectural precedent— 


in other words, to build up mere material | 


constructively and ornamentally,—is an 
important’question. It has been contend- 
ed that this cannot be done,—that some 


| that no “architecture,” in its full meaning, 
can come outof mere and simple con- 
struction; but itis a little wonderful to 
see, if you look a little below the surface, 
| how much of architecture is to be found 
in the simply and rudely constructive. 
Before we go further, it is not alittle to be 
| regretted that no trustworthy system has 
as yet been invented of rendering wood 
| fire-proof; for the want of it, and the con- 
sequent disuse of timber construction, 
‘have thrown wood-work into the back- 
ground. Nowooden houses, where any 
sort of building art prevails, are now pos- 
sible, so that timber-house construction 
and fine art are of the past. ‘This is to be 
recretted. A complete history of wooden 
| house-building and architecture with wood 
| only for its material, is to be gathered in 
Norway alone; indeed, this history may be 
said to go back beyond the historic era, 
| for there are evidences of wooden build- 
ings on piles, of a date far beyond written 
|records. Architecture grew up here and 
there, doubtless, out of materials and 
| simple and necessary construction, eaeh 
separated nationality cr race having its 
own. 

But the main practical interest of the 
| subject lies of course in the strictly mod- 
ern plan of hut or cottage building, as it 
exists, and as people now live in such 
buildings. Of course we are speaking 
only of the purely native system of build- 
ing proper to the country, and not of that 
which is gradually superseding it, and 
| which has been borrowed from foreign 
sources. These cottages are formed of 
| pine logs, but roughly squared, with the 
| sharp edges cut off so as to be nearly oc- 

tagonal. These logsare laid one upon 


| 


definite architectural forms and ornament | another, and with a layer of moss between 
are absolutely necessary; and that these | them in lieu of mortar. The logs forming 
are the work of time and growth, and’ the side or end walls are notched, so as to 
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receive the ends of the timbers forming 
the front and back walls. Each log is 
from 12in. to13in. or more square, 80 
that the walls are about a foot thick. The 
walls are about 10 ft. high. In the better 
sort of cottages the whole of the interior 
of the rooms are lined or panelled, so 
that it would be difficult to discover a bet- 
ter system of building, or one more en- 
tirely suited tothe climate. A warmer 
kind of walling could not be devised, nor 
one more “comfortable” in appearance. 
The floors and ceilings are boarded, the 
former, raised from the ground by stone 
sleepers, a foot or two high. We hardly 
know what will be said about the roof; 
but why should a clever thing be lost sight 
of? Improvement of course is introdu- 
cing slale, always neat, if not genteel; but 
the poor old Scandinavians look to 
warmth and comfort, and perhaps to har- 
mony and picturesqueness, if not to the 
“architecturesque ;” and they covered 
their rough roofs with close boarding, then 
with birch bark peeled off in flakes ; and 
then on this they laid earth about 3 in. in 
depth, retained by a fillet running along 
the eaves. A crop of moss of course soon 
covered this earth, so that a more pic- 
turesque or better colored roof could 
not be, or a warmer or better heat-pro- 
tector or keeper-out of cold. The joiner’s 
work is but rough, like the walls and roof, 
but all harmonizes, and may truly boast 
of one good quality—it keeps out the 
wind and the weather! Surely such a 
system of building as this is as good as 
can be for the place it is in, and for the 
surrouudings of rude forest and rapid 
watercourses and lakes. Some might 
think this a better way of building a cot- 
tage than the thin-walled and meagre 
model cottage, which -is, says a good 
authority, but “the skin of a house.” The 
old Scandinavian and his not yet thor- 
oughly civilized modern successor think 
nothing does but the solid timber logs 
between them and the cold. Nothing, in- 
deed, can be more comfortable than the in- 
terior of one of these wood-walled and 
wood-lined rooms. With the prosperous 
Scandinavian there is always a room for 
everything, for the material being so plen- 
tifully supplied by a bountiful nature, 
there remains but the trouble of building 
and putting together. Many of the houses 
are two-storied, and the stairs, from the 
ground to the upper story, are sometimes 





singuarly quaint and architectural. Now, 
this is an old-fashioned way of work, and 
rough as may be ; but we may ask, what 
workman is there that would not sooner 
live in such a tenement than a in patented, 
thin-walled, and corrugated iron roofed 
model-house of the most recent make and 
pattern, and choke-full of scientific inven- 
tions and improvement: ? 

It will thus be seen—at least, to some 
small extent—that in this far northern 
and somewhat out-of-the-way country 
there now exist materials for forming 
some idea as to the origin if not creation 
of a style of architecture, the growth out 
of mere constructional necessity, and out of 
the materials afforded so abundantly by 
nature on the spot whereon it has grown 
up. We cannot in looking at it avoid the 
pressing thought of how much light is 
thrown analogically upon the origin and 
progress of Gothic architecture in these 
islands, for both are the results of North- 
ern thinking out and requirements. We say 
“Northern,” and use the word in place of 
a better, and as descriptive of the doings 
artistically and architecturally of a people 
distinct from Southern and Eastern races. 
It leads us, too, to the much-vexed ques- 
tion, now especially interesting, of how 
far is it possible to invent an entirely new 
style of architecture? Is it possible to 
create a new style of architecture to be 
founded on, and to grow out of, simple 
and necessary construction ? and can it be 
accomplished in one age, or even so far 
carried on in one as to show itself asa 
something distinct in that age, and will 
the study of all other styles help or hinder 
it? No small amount of discussion might 
be raised on such a revolutionary project, 
and without something to go by,-—“ pre- 
cedent” of some sort or other. There are 
some who might even go so far as to say 
the thing is impossible in the very nature 
of it. One thing, however, this Northern 
work undoubtedly shows, and it is this, 
that art and architecture may grow out of 
bare construction with “ precedent,” or 
asomething to goby, entirely absent. 
This simple architecture harmonizes per- 
fectly with the scenery and surroundings 
of the place it fills. There is no jarring 
element in it. As to the modern trans- 
planted villas and smart houses, you won- 
der where the latter came from, and who 
could possibly have imported them, so 
fearfully do they put out nature,—the na- 
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ture which surrounds them,—a primeval | and all those other little quaint things, 


forest growth, nature’s own work, and 
which, as it would seem, man cannot with- 
out more capital and science destroy. 
What a pity it is that “improvement” has 
not stayed its hand here and there, and 
left us a town or even a small village from 
the old days,—some small collection or 
group of houses, whereon no disturbing 
artistic element would be found, with its 
quaint inn, irregular streets of houses, so 
truly “picturesque,”— its small cnurch, 


once upon a time to be seen everywhere. 
A litle of this, as all know, is to be found 


| here and there, and the antiquary and the 


architect have ransacked England to find 
them out, and to transmit them to pos- 
terity on paper ; but the things themselves 
are fast disappearing, and must soon be 
numbered with the things that were. But 
in Norway these strange things are yet to 
be seen, and a curious light indeed they 
throw on things architectural and artistic. 





VERTICAL ENGINES FOR THE NAVY. 


From “ The Engineer.” 


The engines in our iron-clad ships 
break down so frequently that their inces- 


sant failure begins to cause much uneasi- | 


ness among engineers. It is no new thing 
fora marine engine to break down, but 
until within the last few years the thing 
broken was almost invariably the crank 
shaft. This species of casualty has, how- 
ever, become more and more rare, as bet- 
ter materials and improved methods of 
manufacturing them have been adopted. 
We scarcely ever hear in the present day 
of the breakage of a screw shaft in our 
navy, and the reason is obvious. Not 
only are these shafts very well made, but 
they escape the deteriorating influences 
continually operating in the mercantile 
marine. In other words, they do so little 
continuous work that the metal of which 
they are made is not fatigued. The dis- 
tance run under full steam in any one 
year by any one of our iron-clads is exces- 
sively small; it is as nothing, indeed, when 
compared with the service got out of 
the engines of any large full-powered 
screw steamer carrying mails, passengers, 
and cargo. The principal casualties to 
which our naval engines are liable are 
almost unknown in the mercantile marine. 
They consist in the splitting of cylinders 
and condensers, and they recur with the 
most alarming pertinacity. We have seen 
why it is that the crank and screw shafts 
of our iron-clads last very well. It remains 
to be seen why the rest of their machinery 
isnot equally permanent; and we have 
reason to believe that this question is now 
receiving the most anxious consideration 
from at least one eminent firm of marine 
engineers. We have already expressed 
Vor. VI.—No. 6—338 


|our opinions on this point; but the enor- 
mous importance of the subject, which 
affects the efficiency of our navy quite as 
much as any question connected with guns 
or armor-plating can do, is a sufficient 
excuse for returning to it again. We start 
from this point with two propositions, The 
first is, that the principal cause of the 
splitting of cylinders—to say nothing 
of certain other casualties of far less im- 
portance—-lies in the horizontal position 
of the engines. The second proposition 
is, that in iron-cladsit is unnecessary to 
to adopt the horizontal type. We have 
so fully and recently discussed the first of 
these two propositions* that we shall only 
alludeincidentally to.it now, and devote our 
attention principally to the second point— 
namely, the feasibility of using vertical en- 
gines in our navy. 

Very early in the history of steam navi- 
gation it became evident that in war ships 
it was essential that engines and boilers 
should be kept well below the water line. 
The Amphion, engined by Messrs. Raven- 
hill, Salkeld & Co., was the first ship the 
machinery of which complied with this 
condition. Up to the time ofthe Russian 
war paddle-wheel war steamers were 
actively employed, but ever since no 
choice has been left with the marine engi- 
neer. He has been compelled tokeep his 
machinery below the water line, and a very 
great stimulus has, therefore, been given 
to designers of horizontal engines. As the 
art of defending ships with armor plates 
progressed, however, greater scope was 
afforded to the marine engineer for carry- 





* Vide The Engineer for January 19th and February 2d, 1872, 
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ing out his views, and the necessity for 
keeping all machinery well down in the 
ship grew less and less. A prejudice in 
favor of the horizontal engine for war 
ships was, however, unfortunately estab- 
lished, and to this day, although the ne- 
cessity for seeking protection below the 
water line has long since passed away, en- 
gineers still adhere to the original prac- 
tice and put engines for the navy on their 
sides. If we glance at the history of the 
screw engine in our mercantile marine, 
we find that at one period horizontal en- 
gines came into fashion. They were in 
favor for her Majesty’s ships; and as the 
the best possible engines, it was assumed, 
found their way into the navy, private 
shipowners could not do better than adopt 
the same type. The desire to have hor- 
izontal engines in merchant ships did not 
last long, however, and for several years 
nearly all the marine engines used in our 
merchant service have been of the verti- 
cal type. There area few exceptions to 
this rule, of course, but they are too rare 
to affect the question materially, if at all. 
Now, it is certain that our great steam 
shipping companies know perfectly well 
what sort of machinery answers their 
purpose best, and as they are wealthy, 
considerations of cost stand little, if at all, 
in their way. If, then, the vertical type 
is used, almost to the exclusion of the hor- 
izontal type, in very large steamers in- 
tended to be always ready when wanted, 
and tobe asfree as possible from the 
chance of break-down, why should the 
gentlemen who supply engines to our 
navy adhere blindly to the horizontal type 
virtually rejected long since by the ship- 
owning community? The necessity for 
using the horizontal or low type of en- 
gine passed away as soon as armor plat- 
ing assumed importance; and it is almost, 
if not quite, certain that machinery is 
safer in the present day behind 6 inches 
of plating than it can possibly be below 6 
ft. of water. If itis deemed necessary to 
plate our ships far below the water-line, 
then it follows that the water cannot give 
sufficient protection until we arrive ata 
point considerably below the lower edge 
of the armor plating; but no one dreams 
of applying this rule to the marine engines 
of our navy.” Indeed, it would be impos- 
sible to keep them down far enough in any 
ship. Therefore we already depend upon 
armor plating for their protection. Why 





not carry the principle a little further, 
and, relying wholly on the plating for 
protection, adopt that form of engine 
which is most suitable for the intended 
purpose ? 

It may be argued that the space taken 
up by vertical engines would be too great, 
but this is contrary to fact. Such engines 
really occupyless useful space than any 
horizontal engine; the place occupied by 
the upper portions of the machinery usu- 
ally being left totally unoccupied. In ships 
of war as well as merchant vessels, it is 
essential that there should bea good 
roomy hatchway—in other words, that 
there should be a portion of the deck next 
above the engine-room floor cut away— 
for the purpose of securing ventilation and 
light to the engine-room. In this space 
could stand the cylinders or guides of a 
vertical engine; while in our war ships 
of great beam much valuable space now 
taken up by the engines would be render- 
ed available for stores, or even coals. It 
must also be borne in mind that the stroke 
isin modern screw engines always short, 
4ft. Gin. being the maximum. Great 
power is had by running pistons of enor- 
mous diameter at a very high velocity, 
but the height of an engine is measured 
by the length of stroke, and therefore it 
will not do to urge that, although vertical 
engines of 450-horse power nominal may 
be got into a reasonable space measured 
verticaily, yet that it would be impossible 
to do the same with engines of double 
the power. As a matter of fact very small 
engines may take up just as much height 
in a ship as engines of the largest size. So 
long as the length of stroke is kept with- 
in moderate limits there is no danger 
that the engine will be too high. 

As to the kind of vertical engine to be 
adopted, that must be settled by the con- 
ditions which will obtain in each particu- 
larcase. The return piston-rod engine, 
set up on end, will be the best under some 
conditions, the inverted trunk engine 
under others. We are not prepared to 
advocate the adoption of very large en- 
gines of the steam-hammer class, as the 
great weight of the cylinders may act 
prejudicially in such cranky craft as some 
of the recent additions to the navy. But 
no marine engineer of experience will 
meet with the least difficulty in designing 
perfectly safe and trustworthy vertical 
engines capable of indicating 6,000 or 
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7,000-horse power, provided he has all the | down would be reduced with the diameter 
space allowed him which a great iron-clad | of the cylinders, so it is clear that éven if 
can legitimately place at his disposal. We|one engine did break down, the ship 
may add that in our opinion it will be | would still remain efficient so long as the 
found far better in the long run to get | the other three engines were uninjured, 
these excessive and abnormal powers out | which would not be the case with any of 
of three or even four cylinders of moder- | the ordinary double-cylinder marine en- 


ate dimensions than out of two only of 
colossal diameter. There should be no 
difficulty in expanding steam five times in 
a four-cylinder engine, each cylinder 
giving out, say, 1,000 to 1,200-horse power, 
and the expansion beginning and ending 
within it. The balance would be perfect, 
and the strain on the crank-shaft extreme- 
ly uniform. It is probable, too, that the 
cost of such an engine would be slightly 
less than that of an engine with only two 
huge cylinders, difficult to cast and to 


handle; and while the chance of a break- | 


|gines. If it were determined that en- 
gines of the compound type must be 
adopted, then, probably, the best results 
| would be had from an engine consisting of 
| three vertical cylinders, disposed side by 
side, the two small cylinders standing fore 
and aft of the large cylinder, and exhaust- 
ing into a receiver from which it would 
draw its supplies. Each of the three cyl- 
inders would, of course, work a separate 
crank, set at such an angle with its fel- 
| lowsas to secure the maximum regularity of 
} motion. 


THE LIME PROCESS CONSIDERED WITH REFERENCE TO THE 
PRESENT STATE OF THE SEWAGE QUESTION. 


From ‘* The Building News.” 


The employment of lime for the clari- 


fication of sewage water was, in all 
probability, suggested by what is known 
as “‘Clark’s process for softening water.” 
Carbonate of lime (the usual source of 
hardness) is soluble in pure water to the 
extent only of about two grains per gal- 
lon, though it is found freely dissolved in 
what are termed “calcareous waters,” 
owing to the presence in them of car- 
bonic acid, which acts as a solvent. When 
this gas is expelled (as, for instance, 
when the water is boiled), the carbonate 
of lime held in solution through its 
agency is deposited, resulting, in the case 
of steam boilers, in the formation of 
the so-called “scale.” The plan of soften- 
ing water devised by Dr. T. Clark con- 
sists in the addition to it of aslight excess 
of milk of lime, which, by combining 
with the free carbonic acid, occasions a 
precipitate of carbonate of lime. This 
precipitate carries down with it the car- 
bonate of lime previously held in solution 
by the acid, in the form of fine crystals, 
together with any coloring or organic 
matter which may happen to be present. 
The water is thus rendered, in the course 
of afew hours and at a very trifling ex- 
pense, perfectly bright and clear. 

Sewage water, which may be regarded 


as water containing fram 50 to 150 grains 
per imperial gallon of mineral and or- 
ginic impurities, lends itself admirably to 
such a system of purification as that 
which has just been described. On the 
addition to sewage of from 2 to 42 
grains per gallon, according to its 
strength (by which we imply the amount 
of the impurities in it), of slaked lime, a 
bulky precipitate is formed, which en- 
tangles the floating particles of organic 
and solid matter, and as it gradually 
settles, leaves the supernatant water per- 
fectly clear, and, toa considerable extent, 
deodorized. The above treatment consti- 
tutes what is known as the lime process, 
and this plan of dealing with sewage, in 
spite of Dr. Clark, has been several times 
patented, and partly perhaps on account 
of its simplicity, and partly because of 
its cheapness, seems to have been always 
a favorite one with sewage experimen- 
ters. It has more than once been care- 
fully investigated by Royal Commissioners, 
and the relative advantages and disad- 
vantages arising from its use have formed 
the subject of considerable differences of 
opinion. 

It may be as well, before going any 
further, to glance briefly at those printed 
reports upon this process which are avail- 
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able, among the more important of which 
we may name that of Messrs. Hofmann 
and Witt, forming Appendix 1 to the Re- 
port on the Metropolitan Drainage, 1857; 
Professor Way’s Report on the Deodori- 
sation of Sewage, being Appendix No. 6 
to the Second Report of the Sewage of 
Towns Commissioners, 1861; and the re- 
marks upon the treatment of sewage with 
lime, vol. 1, p. 52 et seq. of the First Report 
of the Rivers Pollution Commission, 
1870. In connection with these, we may 
examine also the Report of Dr. Letheby, 
forming Appendix No. 4 to the Report 
by Messrs. Bidder, Hawksley, and Bazal- 
gette on the Main Drainage, 1858. 
When, in 1856, certain referees were 
appointed to investigate the main drain- 
age of the metropolis, it was deemed 
essential at the outset of the inquiry to 
ascertain the value of sewage, and the 
practicability of utilizing it. Dr. Hof- 


mann and Mr. Witt were accordingly 
requested to furnish a report upon the 
subject, which they did under date of 
July 1st, 1857, and the information thus 
obtained may be said to have laid the 
foundation for all subsequent estimates, 


not only of the value, but also of the pos- 
sibility of successfully utilizing sewage. 
Among other processes for the treatment 
of* sewage, these gentlemen paid con- 
siderable attention to the plans adopted 
at Leicester and Tottenham involving the 
use of lime, and for several reasons, 
which we may now proceed to examine, 
they rejected it as unsuitable for the me- 
tropolis. 

It is almost unnecessary that we should 
here pause to explain that we possess in 
sewage a very valuable manure, and that 
all the precipitation processes aim not 
only at the removal from the sewage 
water of its impurities, but also at the 
production from the solid residue of a 
salable manure. Now when Messrs. 
Hofmann and Witt came to examine the 
dried residue from the lime process, they 
found that in lieu of being a valuable 
manure the deposit contained only one- 
twelth part of the fertilizing materials 
present in one ton of guano, and hence 
they argued that the farmer would have 
to cart on to his land and spread 12 tons 
of the lime manure to produce an effect 
equivalent to that obtained by employing 
one ton of guano. It was very easy from 
this to prove that beyond an area of two 





miles from the works the extra expense of 
cartage and spreading would do away with 
all profit on this manure. When, further, 
it was shown, firstly, that in the effluent 
water, after the liming, there remained 
two-thirds of the valuable ingredients of 
the sewage; secondly, that neither the 
lime nor any other precipitant removed 
the whole of the soluble organic matters, 
which were especially liable in hot weather 
to undergo putrefaction; and, lastly, that 
the estimates of the probable cost of the 
process were based upon insufficient data, 
it may readily be imagined that their 
opinion was unfavorable. They, how- 
ever, admit, in an extract from their re- 
port printed as a foot-note to page 22 of 
the report of the referee—which is not, 
strange to say, to be found in their re- 
port as given in the appendix—that “If 
we were asked to select one of the pro- 
cesses as particularly calculated to fur- 
nish satisfactory results, we should cer- 
tainly give the preference to the lime pro- 
cess.” In the course of their observa- 
tions, they state that the quantity of the 
soluble organic matters found in the river 
after admixture with the sewage, is very 
minute, and they give no reasons for their 
subsequent statement, and the one upon 
which they ground their principal objec- 
tion to this process—namely, “that the 
fluid run off from the sewage deposit 
might very seriously affect the river.” 

From a careful consideration of their 
experiments, we have little hesitation in 
affirming that they did not give the lime 
process a fair trial, though their results, 
as far as they go, are otherwise very satis- 
factory and conclusive. 

The sewage water selected by them for 
the purpose of precipitation by means of 
lime and taken from the Northumberland 
sewer, was very concentrated; that is, in 
one gallon, or 70,000 grains, it contained 
no less than 160.09 grains of suspended 
and dissolved matters. To each gallon of 
sewage water 20 grains of “common gray 
Dorking lime” were added, after being 
carefully slaked. Now, Dorking lime is 
burnt from the lower chalk, and rarely 
contains less than 10 per cent. of silica, 
iron, and alumina, and frequently much 
more. If we assume that the lime used 
by Messrs. Hofmann and Witt had this 
percentage of clay, we find that they 
would thus get only 18 grains of pure 
lime capable of taking hold of the acids 
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in the sewage. For this purpose the 
quantity named would be wholy insuffi- 
cient, and the precipitation would there- 
fore be incomplete. That such was the 
case there can be but little doubt, for we 
are told immediately afterwards that after 
the lapse of three hours “ the supernatant 
fluid was still opalescent,” and that “the 
whole of the suspended matter had not 
been completely removed by the process.” 
This description quite tallies with what 
takes place when the lime used is not, if 
anything, slightly in excess; a fine granu- 
lar precipitate is then thrown down, which 
does not clear the water, and settles only 
after many hours. But we have other 
data to go upon in forming our judgment 
—namely, the amount of the precipitate 
they obtained. 


Solid Composition | 
| constituents | of | Amount 
originally | supernatant | separated. 

present. |  finid. 


40.34 | 48.42 
55.68 | 15.65 


96.02 64.07 





N. B.—These 64.07 grains doubtless contain the 
greater part of the 20 grains of lime. 


From 160.09 grains of matter in solu- 
tion and suspension, a precipitate is ob- 
tained of only 64.07 grains on the addi- 
tion of the 20 grains of lime. Further, 
it seems to us very remarkable that 
although 20 grains of mineral matters 
have been added to the sewage, we have 
only 15.65 grains in the precipitate, and 
no increase has taken place in the total 
impurity; for on adding together the 
grains per gallon present in the superna- 
tant fluid and in the precipitate, 96.02-+- 
64.07, we still get 160.09 grains. Here a 
very probable error, and one which makes 
a vast difference to all the subsequent cal- 
culations founded upon this table, occurs 
to us. The analysis is headed “ Effect of 
Treatment with Lime (deduced from com- 
parison of analyses of the original sewage 
with the analysis of the supernatant fluid 
after separation of the deposit).” From 
this title itis manifest that, as theirresults 
are mere deductions from two indepen- 
dent analyses, the figures 64.07 grains, 








which are evidently obtained by subtract- 
ing the 96.02 grains found in the effluent 
water from the 160.09 grains ascertained 
to have been present in the sewage before 
treatment, do not make any provision for 
the 20 grains of Dorking lime which were 
used for the purpose of precipitation. 
The 96.02 grains in the effluent water 
should really have been deducted from 
160.09-+-20 grains, giving a residue of 84.- 
07 grains in lieu of 64.07. This latter value 
is much more like the truth, for if we con- 
trast the analyses of Messrs. Hofmann 
and Witt with those of other observers, 
we find that in every case the amount of 
the precipitate, even when a proportion- 
ally much smaller quantity of lime is 
used, is always over 50 per cent. of the 


| total impurities in the sewage. 


In the table on next page we have taken 


ithe results given in the reports of the 


various Royal Commissions, and the engi- 
neers consulted by the Metropolitan 
Board of Works, and so arranged the 
various calculations as to compare with 
the amounts obtained by Messrs. Hof- 
mann and Witt. The only case in which 
lime has been used in considerable excess 
—namely, to the extent of 42 grains per 
gallon, is that given upon the authority 
of Mr. William Higgs, in the Appendix 
No. 4 B. to the report of the engineers 
before alluded to. The effect-of this 
quantity of lime upon sewage taken from 
the same place, and but slightly richer 
than that experimented upon by the for- 
mer observers, was the separation from it 
of a precipitate amounting to no less 
than 164.4 grains per gallon, leaving litle 
more than two-sevenths of the solid im- 
purities in the supernatant water in licu 
of the residue of three-fifths shown in the 
case of the previous experiment. 

By good fortune we possess a third 
series of investigations upon the same 
sewage conducted for the Sewage of 
Towns Commissioners by Professor Way, 
which will be found at page 69 of their 
second report. The sample of sewage 
water operated upon by him, and taken 
only a year later, is much weaker than 
the former ones, containing as it does 
only 127.3 grains per gallon; but the 
amount of lime employed, between 15 and 
16 grains to the gallon, was also propor- 
tionately less. With four grains less lime 
and much weaker sewage, the precipitate 
obtained by Professor Way is five grains 
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in excess of that given by Messrs. Hof- | founded upon careful analyses taken at 
mann and Witt; and as the results in this |each stage of the process, they may be 


case are not mere deductions, but are 


| considered, we believe, entirely reliable. 


l 








! 

| 

| origina 
Date | presen 
when 


Name of Town or Sewer. 
Collected. 


| 
| 


Northumberland wharf .. .|May 16, 1857 ol 88. 
Northumberland wharf .... February 3, 1858 .| 65. 
Northumberland sewer ....|March 2, 1859 .. | 58. 
Average of city sewers (day) May to July, 1857) 32, 
“ec bs ‘ (night)| a be oc Cd 15. 

20. 


nal 
ied “ 1856) 


July 30, 1868 .... 


Leicester 
Leieester 


Average 


Solid 


constituents 


76) 7 
00'108, 
50) 68 
14! 61 
25) 63. 


79) 85 


} 
Precipitate | 
obtained. 


per 


lly 
t. 


grains per 
ge ratio of 


quantity origi- 


Vv present. 


Solid constituents of 
supernatant fluid, 
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| 
40.02/96 02 
95.08|50 60 
69.50 | 54.59/71.98 
54.45 | 57 99/51 44 
28.44 | 35.96/62.63 
54.14" 50.85/64 33 
64.19* 54,49}65 
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) (48,42 


.33. 160 09) 

60.173.00} 
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82 79 07! 

68 106.47| 
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64.07 
164.40 


15.65 
49.80 |114.60 
16 135.41 | 34.09 
21.06 | 33.8 
9,90 | 18.54 
? 114,83") 39.31* 
? |40.18*) 24,01* 
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wee | | 
116.29 EY ee, if ee 62.36 
| 








* Estimated from effluent water, and analysis of dried mud. 


It is not necessary to adduce any other 
instances, as we think we have said 
enough to show that the arguments found- 
ed upon the above results lose much of 
their weight when the premises are found 
to be so fallacious. Many of the calcu- 
lations of quantity, price of production, 
etc., are entirely altered by substituting 
84 grains for 64. 

We have already said that no reasons 
are given by Messrs. Hofmann and Witt 
for the opinion they express that the 
effluent water from the lime process, when 
diluted with over 200 times its volume 
of river water, is likely to become a nui- 
sance, and on turning to Dr. Letheby’s 
report, we find that he entirely disagrees 
with them. Indeed he goes so far as to 
say, “I am quite sure that the process of 
defecating the sewage of London by 
means of lime can be effected with advan- 
tage and perfect safety, and the discharge 
of the clear sewage water into the Thames 
will not be a source of danger or discom- 
fort to the public.” 

The report of the eminent engineers 
who associated with themselves Dr. 
Letheby is as decisive in favor of the 
lime process as the referee’s report was 
adverse to this mode of treatment. When 
speaking of the outfall tanks they say: 
“The reservoirs are proposed to be con- 
structed so as to enable the precipitation 


of the sewage matter to be effected by the 
application of lime. . “We can 
speak positively to the fact that the pro- 
cess is most successfal; the water is com- 
pletely deodorized, as well as rendered 
bright and tasteless. It does not subse- 
quently become putrescent, though diluted 
with only twice its bulk of other water.” 
The reason they bring forward against its 
adoption is the worthlessness of the result- 
ant mud, because, “when produced in 
large quantities, the precipitated matter 
is unsalable, and must be removed at 
considerable expense.” 

In their second report, the Sewage of 
Towns Commissioners condemn the pro- 
cess upon similar grounds, though they 
also allude to the danger there is of the 
decomposition of the effluent water from 
this process, when the therein-contained 
organic substances “are placed under the 
necessary conditions of temperature, air, 
moisture, etc.” They conclude by stating 
that “the lime process, though very simple 
and the least costly of any, is far from 
perfect,” which, as far as concerns the last 
part of the sentence, may, we fear, be 
said with equal truth of every plan of 
precipitation yet proposed. We must 
defer to another occasion the examina- 
tion of the remaining reports, and the 
consideration of the value of the lime- 
sludge as a manure. 








THE SEINE, 





THE SEINE.* 


From * Nature.”’ 


In carrying out the great works for the 
improvement and embellishment of Paris 
under the late Empire, all incidental dis- 
coveries of objects relating to art, history, 
and science, were systematically investi- 
gated, recorded, and preserved, instead 
of being left to the chance and uncertain 
description of casual and independent 
observers. In a liberal and enlightened 
spirit the Municipality of Paris and the 
Préfet of the Seine, M. Haussman, estab- 
lished a proper organization and a staff 
(Service des fouilles et des substructions) to 
follow up such discoveries, to take plans 
of old works, to preserve all art treasures 
or objects of scientific value ; to note, in 
fact, and to investigate everything of in- 
terest. Men eminent in several depart- 


ments were consulted, and engage to 
draw up reports with full illustrations of 
the discoveries. By these judicious meas- 
ures, the knowledge of the topograpy, 
antiquities, and archeology of Old Paris 
has been greatly advanced. 


Works of the 
Roman, Gallic, and Medizval periods have 
been brought to light, surveys and plans 
made, and the more important speci- 
mens preserved in situ or in the public 
museums. 

To M. Belgrand, the eminent and able 
engineer for the water supply and drain- 
age of Paris, was deputed the work of re- 
cording all the geological and some of the 
archeological facts discovered during the 
construction of the large works on which 
he was engaged. 

Paris up to the last few years had been 
supplied with water from local sources 
(river, canal and wells), but as these were 
found insufficient and of indifferent qual- 
ity, it was determined to seek for other 
and better sources of supply at a distance, 
and some large springs in the chalk dis- 
trict, respectively distant 60 and 84 miles 
from Paris, were eventually selected by 
M. Belgrand, and their waters were 
brought to Paris by means of aqueducts on 
a high level. In carrying out this great 
work, M. Belgrand made himself intima- 
tely acquainted with the hydrography of 
the Basin of the Seine. He explored 





* From areview of “ Le Bassin Parisien’* aux Ages An- 
tebistoriques,’’ par M. Be!grand, 


levery valley, and determined the régime 
of every important river. The result of 
the first part of the inquiry appeared in 
a valuable series of tables, showing the 
connection between the rainfall and the 
discharge of each river—the extent and 
nature of the floods, and the geological 
character of the ground with reference to 
the range and extent of the permeable 
and impermeable strata, and which he il- 
lustrated by a specially colored map. In 
connection with the construction of the 
aqueducts, M. Belgrand had also to ascer- 
tain the nature of the surface and the con- 
tours of the hills and great plains along 
which he carried them, and to examine 
the many pits whence the materials 
for construction were obtained. This 
geological investigation led to the dis- 
covery of many interesting specimens, 
and further suggested many theoretical 
inquiries relating to the origin of the 
present surface, and to the regime of the 
old Seine during the later geological 
periods. The result of the inquiry is em- 
bodied in the three handsome quarto 
volumes before us—one of 255 pages of 
| text, with 106 pages of introduction, de 
scriptive of the country, and giving the 
theoretical views; a second containing 
plates of fossils, of flint implements, and 
pit sections; and a third with extended 
colored sections and a monograph by M. 
Bourguingnat of the shells found in the 
Drift beds. 

Paris stands on Tertiary strata, from 
beneath which, at a distance of some 
miles, the chalk crops out and forms a 
belt many miles in width. These forma- 
tions constitute a table land having a 
height of 100 to 200 ft. along the sea coast 
of Normandy, and rising from 500 to 600 
ft. inland in Champagne. This district is 
traversed by the Seine and its tributaries, 
flowing in comparatively narrow valleys 
cut deep into the table land; while on the 
extended upland plains thus formed, there 
rise, here and there, ranges of hills of 
Fontainbleau Sands or other later Terti- 
ary strata. The strike of these hills is in 
a direction entirely distinct from that of 
the hill slopes flanking the river valleys 
| and forming part of the present river sys- 
,tem. The latter range in various direc- 
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tions—north, north-east, south, and south- 
east—in uccordance with the direction of 
the tributaries of the Seine, until they 
join that river, the main channel of which 
has, from Montereau to the sea, a general 
direction south-east to north-west. M. 
Belgrand found that the hills on the plains 
nearly allranged in this one given direction, 
or approximately from south-east to north- 
west, with intervening valleys having the 
same direction. Numerous such ridges, 
none being of any great length and al) 
narrow and having this definite trend, are 
found to extend over the whole plateau 
area uninfluenced by the more tortuous 
deeper river valleys which intersect the 
same area at various angles to their course. 
The river-vaileys are covered with gravel 
formed of the débris of the rocks through 
which the present rivers flow, while the 
plateau valleys and plains are free from 
such debris, but are covered with a uni- 
form layer of red clay or loam. Whence 
M. Belgrand concludes that the two sys- 
tems of valleys have-a different origin. 
He contends that it is not possible to have 
a true river channel without having more 
or less drifted gravels formed by the con- 
stant action of running water and by 
floods, and therefore that these higher 
valleys could not have been formed by 
river action, while at the same time their 
rectilinear and special bearing indicates 
that their formation is due to one com- 
mon and independent cause. 

M. Belgrand considers that the only 
explanation which will account for the 
phenomena presented by these higher- 
level valleys and hills, is the rapid and 
transient passage of a large body of water 
over the surface; and as the excavation of 
these higher valleys took place after the 
formation of the Fontainbleau Sands and 
of the Calcaire de Beauce (Miocene), and 
before the Pliocene period (for the Elephas 
meridionalis of the valley of the Eure shows 
that the land had then emerged), and as 
also, according to M. Elie de Beaumont, 
the elevation of the main chain of the 
Alps took place at the same period, M. 
Belgrand connects the two events and 
supposes that the sea of the Pliocene de- 
posits of the Alpine area was thereby dis- 
placed and that it swept over this northern 
portion of France, denuding the softer 
portions of the strata and leaving narrow 
ridges of the harder portions all trending 


south-east to north-west (or in the direc- | 





tion from the Alps), standing out, on the 
denuded high plains, as monuments of its 
passage. M. Belgrand points out that 
where the Tertiary strata have presented 
a resistance which the waters could not 
overcome, the high-level valleys formed 
by the diluvial waters are, in such cases, 
fronted in the opposite range of hills, 
against which the mass of waters imping- 
ed, by a deep bay cut by the current in 
those hills, and that the waters thus 
checked in their course were turned off at 
acute angles, until they reached the main 
channel of the Seine, tending thereby to 
form secondary or tributary valleys, which, 
when the deluge had passed, contributed, 
with the Seine valley, to form the present 
lines of river drainage. Such volumes of 
water as we have depicted would, he 
argues, have swept the higher channels 
and plains clear of debris, leaving the de- 
nuded area covered merely with the silt 
thrown down from muddy waters, and 
depositing the coarser debris in the middle 
and lower range of the deeper channels 
through which the present rivers after- 
wards took their course. In support of 
this hypothesis, he shows that, whereas 
the basin of the Seine is now drained by 
the one river and its tributaries, the dilu- 
vial waters held their course straight 


| across that basin and debouched in five 
‘main channels—one, marked by the hills 


of Montmorency and Satory, took the 
course of the Seine below Montereau to 
the sea, but in a more direct and broader 
line; the second took the course shown by 
the hills of Villers-Cotterets, thence across 


ithe present valley of the Oise, along the 


valley of the Pays de Bray, to the sea at 
Dieppe; the third followed in part the 
course of the Aisne, and then by the line 
of the Somme valley to the sea; and the 
fourth and fifth by those of the valleys of 
the Aulthie and Cauche. M. Belgrand 
accounts for the rapidity and force of this 
cataclysm in the belief, which he shares 
with M. Elie de Beaumont, that the eleva- 
tion of the Alps took place rapidly and 


| suddenly. 


But there was a second elevation of the 
Alps, at a later geological period, and 
which, according to M. Belgrand, may 
have produced a second deluge, not by 
the displacement of the sea, for then there 
were only lakes on the north-western side 
of those mountains, but by the sudden 
melting of the snow on that great range ; 
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and our author again adopts the views of 
M. Elie de Beaumont on this subject. 
The distinguished geologist propounded 
in 1847 the theory that that last convul- 
sion of the Alps was accompanied by an 
enormous disengagement of those gases 
to which has been attributed the forma- 
tion of the Dolomites and Gypsum beds 
of that chain, and that this caused the ac- 
cumulated snows to melt in a very brief 
period of time (un instant). At the same 
time, according to the same authority, the 
Pliocene lakes of “ La Bresse” were raised 
and drained. Thus, suggests M. Belgrand, 
this second convulsion might have caused 
another diluvial wave to pass over the 


basin of the Seiné—an hypothesis also | 
advanced by M. Elie de Beaumont, who | 


speaks of “the probable concourse in this 
off-throw flood (deversement) towards the 
north-west, of the waters of the great lake 
of La Bresse, in the production of the 
diluvial phenomena observed in the neigh- 
borhood of Paris.” 

We are disposed to agree with our 
author in the opinion, which we have 
elsewhere expressed, that the original 
contour of the surface with its higher val- 
leys and hills, is due to a cause different 
from that which excavated the present 
river valleys—that it preceded and is in- 
dependent of it—but we cannot agree 
with him as to the nature of that cause. 
Without going far into the argument, we 
may mention that the well-known fact of 
the gravel found in each tributary of the 
valley of the Seine, consisting of the debris 
of those rocks only through which that 
tributary flows, while in the Seine valley 
are found the debris of all the tributaries, 
together with its own and no more, is, it 
seems to us, a conclusive argument 
against the passage of a body of water 
from one great basin to another—against 
the flow of such a body of water from the 
Alps across the Jura, the great plains of 
the Doubs and the Soane, the southern 
prolongation of the Vosges, and, over the 
separating water-shed formed by the 
lower hills of Burgundy, to the Seine 
basin, and so tg sea on the northern 
shores of France. Sucha cataclysm must 
surely have spread the debris of the strata 
destroyed in its course north-westward 
along the tract over which it flowed. 
Some remains of the rocks of Switzerland, 
of those of the Vosges and of Burgundy, 
must surely have been detected in the 








course of its passage. How can the au- 
thor account for the large blocks and 
abundant debris of the Seine valley— 
which blocks and debris he considers as 
originally due to this cataclysmic action 
—and yet overlook the almost necessary 
consequence of the introduction of some 
foreign elements into the Seine basin, 
whereas none such exist ? Not only is the 
debris of each great basin restricted to its 
own rocks,buteven each tributaryvalley has 
its own special rock debris and no other. M. 
Belgrand remarks, it is true, of the Som- 
me Valley, which lies on the line of his 
third great diluvial water channel, and 


' . 
which prolonged south-east passes across 


the Oise Valley and up that of the Aisne, 
that some debris of the older rocks of the 
latter areas have been found in the chalk 
valley of the Somme. But we must con- 
fess we have never found a trace of such 
a mixture, and we have particularly ex- 
amined the Drift of those areas with a 
with a view to the determination of this 
point. Atthe same time the water-shed 
between the two valleys is so low that 
their complete separation in old times 
appears to us more remarkable than their 
present independence, and we can quite 
conceive the possibility of the Oise 
waters, when that river flowed at its 
higher level, passing at periods of flood 
into the valley of the Somme, and so car- 
rying some small amount of debris across 
the present water-shed, especially as so 
good an observer as M. Buteux is referred 
to as the authority for this fact. If there, 
however, it is evidently quite the excep- 
tion, and may be accounted for as just 
suggested. 

With regard to the ingenious sugges- 
tion of M. Belgrand, that some south-east 
and north-west valleys of the table-lands 
are faced on the opposite side of intersect- 
ing river valleys by a bay in the hills due 
to the violence of the checked diluvial 
waters, such for example as the amphi- 
theatre in the hills on the west of the 
River Ecolle between Milly and Moigny 
and again at Soissy, it isto be remarked 
that such amphitheatres exist equally on 
the opposite or lee side of the hills to- 
wards La Ferté-Aleps and Maisse; and, 
further, that, in the same Tertiary area 
beyond the intersecting range of hills be- 
tween the Ecolle and the Essonne (which 
according M. Belgrand’s views should 
have acted as a break-water), the south- 
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east and north-west ridges again resume 
between the valleys of the Essonne and 
the Eure. 

After the contour of the surface pro- 
duced by this cataclysm, and by which M. 
Belgrand considers that all traces of any 
previous river courses must have been 
obliterated, the Seine and its tributaries 
began to flow at an elevation estimated 
by him at from 80 to 100 ft. above the 
present level. This he proves, as we have 
already done, by the occurrence of the 
remains of land mammalia and of river 
and land shells in beds of drift at that 
elevation above the Seine on some of the 
hills near Paris. This part of M. Bel- 
grand’s work is admirably illustrated, 
both by general and local sections, and 
contains valuable'lists of the mammalian 
remaius, in the determination of which 
he had the advantage of the high author- 
ity of the late M. Ed. Lartet. Here again 
we cannot, however, agree with him in his 
modus operandi. The great boulders of 
sandstone, meuliére, granite, etc., found 
in the valley gravel of the Seine, are at- 
tributed by M. Belgrand in the first place 
to removal to the line of the Seine valley 
by diluvial action, and subsequently to 
their drifting along the valley channel by 
the river action during floods of the Quar- 
ternary period, and he gives some remark- 
able instances of the power of water to 
remove large blocks, and of the rate at 
which such blocks move. When, however, 
it is considered that the granitic rocks of 
the Morvan have been transported some 
150 miles, and other rock boulders in pro- 
portion; that the angles of many of the 
large blocks of sandstone and of meuliére 
constantly show little wear, and that they 
are dispersed irregularly and at various 
levels, some imbedded in soft clays, and 
others in sand or fine gravel, and that 
these latter are often twisted and con- 
torted, we can only explain the phenom- 
ena by the action of river ice and tran- 
sport thereby. 

M. Belgrand, on the other hand, shows 
that a prolonged and steady fall of rain, 
even if not very heavy, during the winter, 
now produces great floods—that such 
rivers as the Yonne and Cure flowing 
over impermeable strata are subject to 
sudden and great freshets after a heavy 
but short fall, whereas the Marne and 
Seine flowing over permeable strata have 
their floods retarded, but, at the same 





time, rendered more permanent by the 
rainfall having to pass through the strata 
and delivered in springs. He also shows 
that when the permeable strata become 
saturated by long-continued rains, they 
act as impermeable strata, and that the 
floods follow close on the rainfall besides 
being long maintained, so that in the re- 
markable and Jong wet winter seasons of 
1658 and 1802 the Seine rose at Paris in 
the one case 29 ft., and in the other 24} 
above its ordinary low level, and the floods 
in the last case lasted three months. M. 
Belgrand considers that this state of things 
was a normal condition during the Qua- 
ternary period, and he sees reason to be- 
lieve that the rainfall at that period must 
have been very much greater than at pres- 
ent. 

The ordinary low-water discharge of 
the Seine at Paris is 75 cubic metres per 
second ; but during these great floods it 
rose to 2,400 and 2,000 cubic metres. M. 
Belgrand gives a list of eight such floods 
in the last two centuries, during which 
the discharge was above thirty times 
greater than the ordinary low-water dis- 
charge. In rivers flowing over more im- 
permeable strata the difference is still 
greater ; and he mentions that in the Loire 
at Orleans it has amounted to as much as 
400 times, or 25:10,000. We may take 
the width of the Seine valley during the 
high-level gravel period at six kilometres, 
and during the low-level gravel period at 
about two kilometres ; and M. Belgrand 
estimates that the river in flood had in 
the first instance a sectional area of 60,000 
sq. metres, and in the second of 40,000 
metres ; and, calculating the flow at a 
given rate per sec., the discharge, as com- 
pared with that of the present, would 
be as under : 


Discharge per second of the Seine at Paris in the 
present period and during floods in past periods: 
Extreme Discharge 
rise of river. 
of river. Cubic 
Metres. Metres. 
a ee 8.81 
river (flood water 
Old river during (low level stage... 
the Quaternary < 


high level stage.. 13) 
g 


Large as these Quaternary period quan- 
tities are, M. Belgrand thinks that there 
are cases of recent occurrence to prove 
that it is possible to realize them. He 
mentions a flood following on a heavy 
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rainfall in the valley of the Armangon, a 
small river flowing over impermeable 
strata, with a basin of only 1,490, sq. kilo- 
metres, which had its discharge raised for 
a short time to 800 cubic metres per se- 
cond; and he infers that under like condi- 
tions of rain and impermeability the 
Seine, with its basin of 78,600 sq. kilo- 


metres, might have its discharge raised to | 


42.444 cubic metres, showing, that not- 
withstanding the size of the old river 
channels, the area drained during a period 
of greater rainfall would have sufficed for 
the necessary water supply. 

In confirmation of this larger and more 
permanent supply of water, M. Belgrand 
instances the presence of the Hippopota- 
mus, the remains of which are found at 
several places in the Seine basin as well 
as in that of the Somme, and which 
would have required for its existence 
larger and fuller rivers. He also derives 
a further argument in the presence of 
this animal, against a prolonged and 
severe winter cold, which he considers 
would have been fatal to it. M. Belgrand, 
nevertheless, argues that the presence of 
the Reindeer indicates the six summer 


months temperature of Scandinavia, not 
exceeding in the mean 8 deg. Centigrade; 
but with such a summer temperature we 
hardly see how he can avoid the three 
months’ winter temperature of the same 


latitude or of 4.6 per cent. A still more 
extreme winter temperature is in fact in- 
dicated by the presence of the Musk Ox 
and the Marmot. It is to be observed 
also that that the Reindeer at that time 
lived as far south as the Pyrenees, and 
that the physical condition of the drift 
deposits are, as we have before shown, 
strictly in accordance with a very low 
winter temperature. As the Hippopota- 
mus is an extinct species, we do not know 
how far it may, like the extinct Elephants 
and Rhinoceroses, have been adapted to 
live in a severe climate. M. Belgrand’s 
work is full of interesting details of the 
distribution of these and the other 
Quaternary animals, not only over 
the Seine basin, but in some cases over 
the whole of France. He gives also 
@ monograph with figures, by M. Bour- 
guingnat, of all the mollusca of this age 
found in the Seine basin. This well-known 
conchologist makes out that out of a total 
of 76 there are 38 new species which he 


considers as extinct, a conclusion which | 





we expect English conchologists will hard- 
ly be prepared to agree with, as they have 
detected no extinct species in these de- 
posits, and find only a few which are not 
local—a view in which we also believe 
most French conchologists join. The 
author considers that the same mamma- 
lian fauna is common to both the high- 
level and the low-level gravels. In one 
main point, however, do these gravels dif- 
fer. In those of the high-levels of Mon- 
treuil and Bicétre no human remains, no 
flint implements, have been found, where- 
as, in those of the low-levels of Clichy, 
Grenelle, ete., above 5,000 flints, more or 
less worked, are stated to have been found 
by a single collector. Besides these works 
of early man, M. Belgrand states that hu- 
man bones, skulls, and entire skeletons, 
have been found in these lower gravels; 
but it seems to us that much of this evi- 
dence requires confirmation. : 

The Quaternary period of the Seine 
basin is coeval, in M. Belgrand’s opinion, 
with the Glacial period, and he considers 
that it was brought suddenly to a close 
with the low-level gravels. To this Quat- 
ernary period the peat deposits immedi- 
ately succeed, owing, as the author in- 
geniously suggests, to the suddenly dimin- 
ished rainfall leaving the rivers clearer 
and under conditions favorable for the 
growth of peat, which he shows never 
takes place in river valleys subject to 
frequent and heavy floods, but always in 
valleys where springs abound, and the 
floods are few and not turbulent. 

The latter part of the work is occupied 
with a minute account of the formation of 
gravel beds, and of the position of the 
organic remains, showing how all the 
features of those deposits are to be ac- 
counted for by ordinary river action, and 
that the mammalian remains are abundant 
precisely at those very places where a 
river with strong currents and numerous 
eddies would leave them. He endeavors 
to account also for the fact of all the bones 
of the larger animals being found in the 
coarser bottom beds of gravel, by the cir- 
cumstances that these coarser beds were 
formed in those deeper water-channels 
along which only the larger carcases 
could have floated, and which were after- 
wards surmounted by those upper beds 
of sand and finer gravel, which he con- 
siders to be due to silting up (alluvionne- 
ment) of the channel where the river had 
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changed its course to another channel. 
The brick earth or Loess is ascribed by 
him, as by English geologists, to river 
floods. But instead of considering it, as 
we do, to be produced by successive floods 
at all the various levels of the river, from 
the high to the low level, M. Belgrand 
admits but two levels, the high and the 
low, and that owing to a sudden eleva- 
tion of the land, the excavation between 
these two levels was produced at once 
without intermediate stages. Consequent- 
ly, he considers that the height of the 
Loess above these two levels, marks in 
each case the rise of the flood waters. 
This, we think, is a weak point in his ar- 
gument. According to his view, which 
he illustrates by a section, showing the 
range of the Loess up the hill slopes, 
he concludes that the floods of the 
low-level stage of the river rose, not- 
withstanding the width of the valley, 
to a height of 66 ft., and during the high- 
level stage, to a height of 43 ft., which 
give very much larger sectional areas for 
the river in flood than is otherwise neces- 
sary, and such as we conceived the area 
drained would have been insufficient to 
fill even with greatly larger rainfall. For, 
although the discharge of the Armangon 
may in a particular case of heavy rainfall 
have been so large as when multiplied by 
the whole area to give two-thirds of the 
required supply, still it is perfectly well 
known that the discharge by the main 
river never equals the sum of all its tri- 
butaries, and the discharge of the Seine 
at Paris on that occasion actually only 





rose to 1,250 cubic metres persec. There 
are besides, beds of gravel on the slopes 
of Clichy towards Paris, and again on the 
slopes leading to Charenton, distinct beds 
of gravel at intermediate levels, though 
of limited extent. 

Thus, M. Belgrand ascribes the gravel 
beds and the Loess of the Seine Basin to 
old river action, referring the red loam 
alone of the higher plains above to diluvial 
causes, in opposition to the view usually 
received in France, according to which all 
these Drift beds are divided into the three 
diluvial deposits of Diluvium gris, Dilu- 
vium rouge, and Limon or Loess. As we 
have already expressed very similar views 
respecting the commonly accepted classi- 
fication, we cordially agree with the au- 
thor on this point. 

The illustrations forming the second 
volume constitute a very interesting exhi- 
bition of the art of Photo-lithography. 
The execution varies a good deal, and 
there are plates which, though valuable 
for their truthfulness, are rather indis- 
tinct. Some of the representations of the 
Flint Implements are excellent. The work 
is somewhat large and costly ; but as a 
copious record of facts, an ingenious 
statement of theory, and a reliable repre- 
sentation of specimens, this work of M. 
Belgrand will be greatly valued by all 
those who feel an interest in the remark- 
able phenomena connected with the pres- 
ent configuration of the country, the dis- 
tribution of life during the Quaternary 
period, and especially with the evidence 
bearing on the Antiquity of Man. 


FIELD ARTILLERY. 


From ‘'The Engineer.” 


On the afternoon of Thursday, February 
‘29th, Captain Sladen, R. A., of the Royal 
Laboratory, read a paper in the theatre 
of the R. A. Institution on “Flat Trajec- 
tories.” Captain Sladen is the officer 
who proposed the 16-pounder gun of 
3.3 in. calibre tried in competition with 
the 3.6 in. 16-pounder. The latter had 
been previously experimenied on, and, 
eventually recommended by the special 
committee on muzzle-loading rifled guns 
of large calibre for field service. 

The lecture was well attended. The 
lecturer commenced by enumerating the 





advantages of a flat trajectory, viz., accu- 
racy, hard hitting, and covering the 


ground closely. He illustrated the last 
mentioned by a comparison of the falling 
angles of the Martini-Henry and Snider 
rifle bullets, the former of which in 
the last 6 ft. of descent travels over 104 
yards, the latter only 62 yards of 
ground, so that these two distances re- 
present the relative defended spaces, or 
spaces of danger to the enemy’s infantry. 

The lecturer next remarked on the 
imperfect investigations frequently made 


of the form of the trajectory of an ar- 
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tillery projectile. In the case of a small | angles of elevation give equal heights of 
arm rifle bullet the arm is now generally | trajectory, and ought to give equal .ran- 
fired with the elevation required for 500| ges. Thus the 3.6 in. calibre has at 2 
yards, and. targets are interposed at| deg. 5 min. elevation atime of flight of 
every 100 yards interval through which | 3.3 sec. against the 3 sec. of the 3.3 in. 
the bullet passes. This method is simple | calibre. Far from having equal heights 
and direct, and the results obtained are | of trajectory, then, the former gun has 
matters of fact. With guns, on the other | one of 43.6 ft. and the latter of only 36 
hand, the range due to some fixed num- | ft., consequently this should form an ele- 
ber of degrees of elevation is often as-| ment in the comparison of the flatness 
sumed to be the absolute measure of the} of their trajectories. True conclusions 
flatness of the trajectory. This method | cannot be bassed on the measurement of 
of dealing with the question the lecturer | the ranges due to fixed angles of eleva- 
considered wholly insufficient, and one | tion without reference to their times of 
which might lead to very erroneous con- | flight. 
clusions, especially because the element| The actual angle of departure, however, 
of time is altogether omitted. The lec- | is affected by other considerations besides 
turer considered that the clearest way of|the angle of elevation. Thus, where 
looking at the matter is to compound | recoil is entirely checked, there is a ten- 
the motion of the projectile into the | dency to rotation round the trail, and an 
horizontal and vertical directions, when | increase of elevation follows. Hence it 
it would be seen that the component which | might be seen how unfair was the com- 
is due to the action of gravity is a simple | parison made in one case between the 3.6 
fraction of the time; in fact the height | in. gun, with the recoil checked, and the 
of the trajectory is four times the square | 3.3 in. gun when recoilingfreely. Again, 
of the time of flight. |on the other hand, where recoil is not 

This, he remarked, is true in all cases. | checked an increased velocity of recoil 
A ball thrown vertically upwards, and | increases the actual angle of departure. 
falling to the ground in a second, repre- | This the lecture illustrated by a diagram, 
sents the vertical component of the path | in which the line of departure was drawn, 
of every projectile with a time of flight | not to the muzzle at the moment of igni- 
of one second; for to all intents and pur- | tion of the powder, but to the muzzle 
poses all fall at the same velocity. The | when it has mowed back slightly, as is 
trajectory, then, of two projectiles, with | actually the case when the shell leaves it. 
the same time of flight, will be more or | This diagram was, in fact, similar to that 
less flat in proportion to the horizontal |commonly made in astronomical works 
distance described. On this follows what | to show the effect of aberration of light. 
may be given as the definition of the| For these causes, then, the leeturer 
flatness of a trajectory, viz., “the ratio| considered that the sound method of 
of its height to the range.” Thus it hap- | comparison of the flatness of trajectories 
pens that when the two 16-pounder guns | would be that of the comparison of the 
tried in competition with each other are | ranges due to equal times of flight. 
assumed to be placed on an equal footing; In passing again to the question of 
when fired at the same degree of eleva-|the relative powers of the 16-pounder 
tion, injustice is done to the 3.3 in. cali-| guns of larger and smaller calibre, the 
bre, because, its initial velocity being less, | lecturer remarked that the shell of 
it has for the same degree of elevation as | smaller calibre, although, no doubt, start- 
its rival a smaller vertical component,{ing with a lower velocity and slightly 
and consequently it does not attain to the | less flat trajectory, had, owing to the 
same height, and its time of flight is less. | decreased surface it opposed to the resist- 
No one would argue that a train that) ance ofthe air, actually caught up and 
travelled eleven miles had a slower rate | beaten its rival at so short a range as 724 
than a train that travelled twelve, if the| yards. This he considered was before it 
former had only eleven minutes for the | arrived at what might be called an ordi- 
performance of its work and the latter | nary artillery range. At 1,000 yards it 
twelve. Ofthis nature is the injustice| had a superior velocity of 11 ft. per 
done to the gun with the lower initial | second, at 2,000 of 25 ft. per second, and 
velocity when it is assumed that equal | at 3,000 of 34 ft. per second. Thus at all 
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artillery ranges it hit harder and had a 


flatter trajectory. Shrapnel would thus 
be superior in its effect, and the same 
would be true of its common shell. Yet 
since this gun had been constructed on 
the “lines” calculated for its rival, better 
results still might be looked for if made 
on lines specially designed for it. The 
only advantage, the lecturer considered, 
that could be possibly claimed for the 3.6 
in. gun was a slight increase in the inte- 
rior capacity of its shell. Although it 
had burnt its charge of 1 lb, 12 oz. of 
“RR. large-grained powder” more com- 
pletely, it remained to be seen whether 
the result would be the same if ordinary 
large-grained “L. G.” powder had been 
employed. Where reduced charges were 
resorted to, the advantage would be still 
more in favor of the smaller calibre, 
which admitted of the vent being placed 
further forward in the bore. 

The lecturer then suggested the trial of 
a lighter gun with a smaller firing charge, 
observing that the Prussian heavy field 
gun was only about the same weight 
behind team as the English horse artillery, 
and might be compared with it more 
justly than with a gun weighing 4} ecwt. 
heavier. There had been a recent report 





of an experiment as to the powers of 
mobility of our own horse artillery in 
India—made by Major-General Tombs— 
having been followed by the immediate 
death of four horses. If true, this show- 
ed what aserious matter was the con- 
sideration of the weight behind team. 

After some preliminary remarks made 
by the chairman, an animated discusion 
took piace, if the word discussion can be 
applied to the observations of a number 
of speakers all advocating the same prin- 
ciples. Thus one officer observed that the 
smaller shell, with even the same velocity 
as the larger, would penetrate deeper, 
owing to its reduced surface of resistance. 
Another remarked that the gun, being 
designed specially for reserve artillery, 
must be expected to be called upon to 
open fire in the teeth of batteries already 
in position. Power at long ranges, there- 
fore, was a special recommendation. 

The chairman in vain invited officers 
who were advocates of the larger calibre 
to speak in its favor. It appeared that 
no artillery officer could be found ready to 
advocate that side of the question, and 
the proceedings were concluded by a 
complimentary expression of thanks to the 
lecturer for his paper. 





THE PUBLIC WORKS OF PARIS. 


From “ Engineering.” 


Among the work included in the duties 
of the Department above the level of the 
public thoroughfares, we have spoken of 
the promenades. Lighting foilows next. 
In 1855 the city of Paris conceded the 
privilege of gas lighting to a company 
formed with a capital of £2,200,000, under 
the title of the Parisian Gas Lighting and 
Heating Company. In compensation for 
the monopoly accorded to this company, 
and which consisted in the exclusive right 
of establishing and mantaining gas mains 
beneath the streets and roads, it was un- 
dertaken: 

1. To reduce the price of gas to 6s. 
94d. per 1,000 cubic ft. for private con- 
sumers, and to 3s. 4}d. for public use. 

2. To pay an annual tax of £8,000 as 
rent for the ground occupied by the 
mains, and a duty of 5.06 pence per 1,000 
ft. for all gas burned in the city. 

3. To extend the service wherever the 
administration deemed necessary. 





4, And, lastly, to divide all profits with 
the city when the receipts exceeded 10 per 
cent. on the capital; to terminate on the 
Ist January, 1872. 

In 1860 the obligations of the company 
were extended, and in obliging them to 
lay down 113 miles more mains, they 
were authorized to increase their capital 
to £3,360,000, and it was stipulated that 
the division of profits above 10 per cent. 
should be made on the total, instead of on 
the first capital. 

In 1870 the city, having serious difii- 
culties with the gas company on the sub- 
ject of the duty of 5.06 pence per 1,000, 
wished to improve the lighting of the dis- 
tricts served by the 1143 miles of mains 
above alluded to, and whieh were but im- 
perfectly lighted, and desiring to enjoy 
larger benefits from the division of pro- 
fits, made a new treaty with the com- 
pany, regulating the duty, and stipulating 
for a division of the profits since 1869 on 
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all net income beyond £496,000 up to 
1887, and from that date beyond £450,000 
to the end of the concession. 

Recent events have served to reduce the 
profits due to the city, and it is proposed 
amongst the new taxes to levy one that 
will absorb them altogether, so that the ex- 
isting agreement will have to be modifi- 
ed again. The public lighting in Paris 
comprises 31,122 gas jets, 596 petroleum 
oil lights, and 971 colzaoil burners. This 
expense for 1870 amounted to £176,000 
This outlay will have—at least temporari- 
ly—to be reduced, by diminishing the 
actual amount of lighting given to the 
city. 

The substitution of jets with large 
openings for those with narrow ones has 
alone sufficed to effect a radicul reform. 
The burners have openings equal .023 in., 
and consumes 4.9 ft. per hour. These 
give 3 times the light of the old burners 
with the same amount of gas. The illu- 
minating power is checked each night in 
11 test rooms distributed over the differ- 
ent quarters of Paris. 

The service of concessions of the thor- 
oughfares has for its chief duty the levy- 
ing of taxes on the chairs and tables 
placed in the streets outside cafés, the col- 
lection of rents of the small open-air 
shops, the establishment of kiosks, the 
maintenance of public urinals and water- 
closets, and the inspection of public ad- 
vertisements. The Department of Public 
Vehicles regulates the service of the cabs 
and omnibuses. 

An agreement made in 1862 conferred 
on the Compagnie des Petites Voitures for 
a space of 50 years the exclusive right to 
establish in the streets vehicles for the con- 
veyance of passengers either by the hour 
or the course. The following obligations 
were imposed: 

1. To establish at once a stock of 3,500 
vehicles, and to increase the same at the 
rate of 100 vehicles a year. 

2. To pay atax of 1 franc per day per 
vehicle. 

3. To divide with the city all profits 
above 8 per cent. 

4. To maintain efficiently the whole of 
the material, plant, etc. 

5. To divide with the city, at the ter- 
mination of the concession, the available 
surplus. This company not having been 
able to prosper under these conditions, 
the Government made a decree in 1866, 





on the occasion of a general strike of 
the drivers, proclaiming a free trade in 
public vehicles. Every one was thence- 
forth at liberty to put in circulation a car- 
riage for public hire, upon the sole con- 
dition of paying a tax of 1 franc per day. 
The :company was indemnified for the 
loss of its privileges by an annual com- 
pensation, payable during 47 years. 

But the regime of liberty has not pro- 
fited up to the present; neither the pub- 
lic, the private speculators, nor the old 
company, which continues without mono- 
opoly the exercise of its industry. An 
important improvement in the service is 
expected by the employment of distant 
counters, on the application of which an 
inquiry isnow being made. 

The omnibuses are regulated by a 
treaty of 1861, conceding for 56 years to 
a company the exclusive right of circula- 
ting on the streets. and stationing on the 
public way, omnibuses serving for the 
general transport of passengers. The 
Government privilege to authorize all 
other schemes for transport on the public 
streets, or the establishment of tram- 
ways, in reserved. 

In exchange for these advantages the 
company engages to pay to the city for 
the right of standing on and using the 
thoroughfares, a sum of £80 per year per 
vehicle, and the city shares, besides all 
profits over 8 per cent. on a capital of 
£1,200,000. The company is also bound 
to establish new lines and to increase 
the number of vehicles on existing routes 
whenever the administration shall re- 
quire. , 

Under this treaty the omnibus service 
has been greatly improved. But the 
company, which prospered up till 1869, 
has not paid dividends since, and has 
applied for authority to increase, by 5 cen- 
times, the rates of fares fixed at 15 cen- 
times. 

The tax on vehicles of all classes 
brought to the city a revenue of £133,- 
600. The extension of tramways into 
Paris is being seriously discussed at the 
present time. Of late years foreign 
capital has flowed to Paris, and financial 
societies press forward to execute muni- 
cipal works. The time appears to have 
come to study carefully the wants of the 
city, with a view to establish iron roads 
as much in the suburbs as in the routes 
radiating towards the principal localities 
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in the Department and to examine into 
the question of tramways. Upon the 
latter the experience gained is most 
favorable as regards the comfort and 
convenience of passengers. But horse rail- 
roads appear out of the question equally 
in the narrow streets and on the great 
thoroughfares of Paris, already crowded 
to excess. Meantime it is necessary to 
confine experiments to certain roads 
presenting special and favorable condi- 
tions, and to wait till experience can 
decide on the advantages and disadvan- 
tages of tramways with regard to their 
influence on the road itself, and their | 
effect on the traffic, and the public should, 
besides, become used to the new means 


of transport outside Paris before it is in- | 


troduced to the interior of the city. 

The question of low level roads pre- 
sents great difficulties They 
be only constructed at great cost, and 
would, instead of desiring to reduce 
the traffic by relieving the streets of the 
heavy goods vehicles, only be frequented | 
by passengers in scanty numbers. At! 
the utmost, if such means of circulation | 
were tried, they would only be permis- 
sible beneath the most crowded streets. 
High level roads, which have also been 
proposed, would be very difficult to estab- | 
lish, and, besides, the purpose they would | 
serve would be extrem: sly limited. 


could | 


The last division of the service of Public 
Works in Paris is that of architecture and 
the fine arts. It includes the mainte- 
nance of public buildings, new architec- 
tural works, and fine art ‘and historical 
monuments. 

The report of the Chief Engineer of the 

Department shows what enormous sums 
have been spent to make Paris what it 
is, what large amounts must be yearly 
devoted to the maintenance of the vari- 
ous services, and how difficult it is to 
reduce these expenses despite the present 
necessity for so doing. Indeed, the 
|utmost proposed reductions make after 
|all but a small difference in the outlay of 
| the staff. 
When by degrees an administration has 
| been led to occupy itself with a thousand 
objects which were unknown a few years 
ago, when the beauty and luxury of the 
| eity of Paris have grown to a necessity 
| not only for France, but for the world, 
| it is almost impossible to reduce the 
scale of magnificence which has become 
familiar. But there are doubtless many 
‘small reductions and economies to be 
| effected, and it is to be hoped that the 
| Municipal Council will not fail to effect 
jall possible reform in this direction, 
| while they carefully abstain from touch- 
ing any ‘of the great attractions and 
charms of the city. 
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THE TEMPLE OF DIANA AT EPHESUS.* 


From “ The Building News.” 


Most people have heard of those famous 
Seven Sleepers of Ephesus, who, taking 
refuge from the persecutions of Diocletian 
at the close of the third century, fell asleep 
there, and woke up two centuries after- 
wards to find anew world and a Chris- 
tian empire. Scarcely lessromantic have 
been the fortunes of the famous Temple of 
Diana of Ephesus, one of the seven won- 
ders of the ancient world. Destroyed by an 
earthquake, and plundered by the Goths 
in the 3d century of the Christian era, it 
served as a quarry for the architects of the 
Byzantine city built at Ephesus, probably 
in the time of Justinian, till, the appetite 
for plunder being exhausted, the remnant 
of its ruins was allowed to silt up silently 





*Extract from a letter to the London Times. 


under the slow but sure action of alluvial 
deposit. Thus the very site of the world- 
famous temple was obliterated till British 
enterprise, piercing through 22 ft. of allu- 
vial deposit, came suddenly on the marble 
pavement, still strewed with broken col- 
umns, capitals, and fragments of sculp- 
ture. This discovery, one of the happiest 
efforts of archeology in our time. is due 
to the persevering energy and sagacity of 
Mr. Wood, who, having searched for the 
site of the temple since 1863, first at his 
own expense, and subsequently with funds 
supplied by the trustees of the British 
Museum, has been rewarded, after long 
years of toil, by the discovery of the site, 
which was finally ascertained about this 
time last year. During the last twelve- 





month a large area of the temple has been 





NEW PRUSSIAN 


RIFLE. 609 





cleared to the pavement, and various ar- 
chitectural marbles have been found, more 
or less mutilated, lying as they had been 
left by the barbarous despoilers in Byzan- 
tine times. The diameter of these col- 
umns of the temple being 6 ft., the scale 
of the architecture is, of course, colossal— 
exceeding, it is believed, in proportions 
the celebrated Temple of Jupiter Olympius 
at Athens, the temple at Branchide, and 
all other extant examples of Greek archi- 
tecture. 

The great weight of the marbles dis- 
covered rendered it necessary for Mr. 
Wood to apply for naval aid, which was 
supplied by the British Government with 
that alacrity which has distinguished the 
Admiralty in the history of our recent ar- 
chological expeditions, and which can 
alone insure the complete success of such 
arduous enterprises. Her Majesty’s ship 
Caledonia, a grand oldiron-clad_three- 
decker, was at once sent to Mr. Wood’s 
assistance, and has been engaged since 
the beginning of this month at Ephesusand 
Smyrna in hauling, packing, and shipping 
the marbles of the temple selected by Mr. 
Wood for the British Museum. I have 
been favored with a sight of these huge 
masses before they were packed. The 
largest, weighing upwards ef 11 tons, is 
part of a drum of one of the celate colum- 
ne mentioned by Pliny—i.e., columns 
with figures sculptured on them, of which 
the temple had thirty-six. Of this bold, 
striking innovation in Greek architecture 
there exists, it is believed, no other ex- 
ample except at Ephesus. The relief on 
this drum appears to represent an assem- 
blage of deities, of whom the only one 
who can be positively identified is Mer- 
cury, the rest being draped female fig- 
ures. On astone from a pilaster, corre- 
sponding in dimensions to the sculptured 
drum, is a relief representing Hercules 
struggling with a draped female figure, 





and on another fragment of a drum are 
the lower halves of some seated and stand- 
ing female figures. This sculpture is very 
bold and effective as decoration, but wants 
the ineffable charm and freshness of the 
frieze of the Parthenon, while in masterly 
vigor of execution and dramatic force it 
falls far short of the frieze of the Mauso- 
leum. It is careless and inexact in exeou- 
tion, and has the characteristics which we 
might expect to find in the Greek sculp- 
ture of the Macedonian period, when work 
was executed rapidly to gratify the vanity 
of kings, and when an Oriental love of 
mere mass rather than beauty of design 
had begun to affect both sculpture and ar- 
chitecture. Allowing for this first disap- 
pointment, I:own that I gazed with pecu- 
liar interest on these relics of those fa- 
mous columns on which St. Paul must have 
gazed when he preached against them, 
but which loéal fanaticism, aided by local 
vested interests, preserved in all their 
splendor for three centuries after his 
coming. 

The architecture of the Temple of Di- 
ana is Ionic. Mr. Wood has very proper- 
ly selected such fragments as will show 
what the base, the capital, and the order 
generally were like. Once housed in the 
British Museum, they will furnish materi- 
als out of which, not, perhaps, a complete 
restoration of the temple, but a new chap- 
ter in the history of Greek architecture 
can be constructed, just as out of the fos- 
sil bones of the Megatherium an Owen re- 
constructs lost typesin the animal king- 
dom. 

The stones were very heavy, the mud of 
Ephesus tenacious, and the weather vari- 
able; but the Caledonia’s blue-jackets 
have done their work with analacrity and 
good humor characteristic of blue-jackets 
in these expeditions, and by the end of the 
week the ship will leave this port with her 
precious cargo, bound for Malta. 





NEW PRUSSIAN RIFLE. 


From ‘'The Mechanics’ Magazine.” 


It is stated upon good authority that 
the German Imperial military authorities 
have recently come to the conclusion that 
it is necessary to remodel the service- 
weapon. The new rifle will neither be a 
needle gun nor a chassepot, but a com- 
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pound rifle, combining the best features 
in detail of all the rifles known and exper- 
imented on in recent years. It is admitted 
that the last war demonstrated the exist- 
ence of grave defects in the needle gun, 
notably in its relatively short range, due 
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to the curve of its trajectory, the dispro- 

ortion between the weights of the pro- 
jectile and the powder charge, or other 
causes. It is not proposed to adopt ei- 
ther the Werder or the Vetterlini rifle in 
lieu of the needle gun; in fact, the model 
of the new gun is not yet complete. But, 
the problem being to provide a breech- 
loading arm, of small calibre, easily man- 
ageable, and of long range, it is proposed 
to shorten the barrel, alter the rifling, and 
diminish the bore. 

The consideration of the new cartridge 
has reached a more advanced stage. 
It is decided to discard the paper en- 
velope, and adopt the metallic case of 
brass foil, and also to vary the rela- 
tions between the bullet and the charge 
in point of weight. All these modi- 
fications will, it is anticipated, have 
material effects upon the trajectory, the 


range, and the durability of the new 
weapon. It is expected that the new 
arm will be ready for approval at the be- 
ginning of the new year, so that a suffi- 
cient number may be ym for experi- 
ment in the course of firing during the 
ensuing summer ; and thereafter several 
corps will be exercised annually in the 
use of the new weapon, so that in about 
four years the whole army will have be- 
come familiar therewith, previous to which, 
for obvious reasons, the new armament 
will not be generally adopted. 

It is announced to be the intention of 
the authorities at the War Department to 
have the whole of the old pattern smooth 
bore 68-pounder guns, now in store at 
Chatham, converted into rifled guns, a 
considerable sum being taken for the pro- 
posed work in the estimates for the ap- 





proaching year. 





ON TRINKETS AND THEIR MANUFACTURE. 


By W. G. LARKINS, Esq,, 


From * Journal of the Society of Arts.”’ 


The desire for theadornment of the 
person is one of those curious bonds that 
unite humanity. It is equally strong at 
both ends of the human race—the dusky 
belle of a savage African tribe, who pierces 
the cartilage of her nose to hang there- 
from an uncouth ring of gold, is actuated 
by, to say the least, no lower motive than 
that which induces some beauty, nurtured 
under that civilization upon which we 
pride ourselves, to pierce the cartilage of 
her delicate ear, to hang therefrom a pen- 
dant of jewels; and the dandy of some 
Indian village, upon whose brown breast 
is tattoed the head of the lion, the fierce 
courage of which he desires to emulate, 
is about on a level with the swell of our 
own day of horsey proclivities, who sticks 
into his scarf an imitation of the head of 
that animal he would have us think he 
knows so much about. Vanity and super- 
stition are the two great motives that in- 
duce the wearing of ornaments—a harm- 
less{ vanity—perhaps a superstition that 
may be pardoned—but vanity and super- 
stition, nevertheless. Out of this univer- 
sal desire has grown up, as 2 compensa- 
tion perhaps, an immense industry, or, 1 
should say, a series of industries, by 
which thousands are enabled to earn their 


daily bread; and one can safely say this, 
that at no other time have articles of 
trinketry been so easily attainable as at 
the present time. If a person goes undec- 
orated, it is his or her own fault, for lock- 
ets, and very well made ones, too, may be 
had for one penny. One, in the shape of 
a book, with a likeness of the Prince and 
Princess of Wales included, had a great 
sale a little while ago, its wholesale price 
being one halfpenny; and some brooches 
made in Germany are now being sold 
wholesale at the astounding price of three 
shillings a gross—a farthing each. 

If the universality of the desire for per- 
sonal ornament is a fact, no less a fact is 
its antiquity. The earliest records of man- 
kind refer to the trinkets worn at the 
|time; indeed, I am perfectly prepared to 
| believe that, if there ever was a pre-histor- 
ic.man, woman, or child, he, she, or it 
wore some kind of decoration of the 
period, considered to enhance the person- 
al attractions of the wearer. It is also 


worthy of remark that the early forms of 
personal ornament are retained to this 
day, and, more than that, they are still 
the popular forms. The workmanship is 
better, the skill of the chaser and the en- 





graver enriches them, but the circle, the 
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oval, and the crescent, with the simple 
knot or tie, are the basis on which the 
larger portion of manufactured trinket- 
ry is formed. 

Rings are, perhaps, the oldest form of 
trinkets,—rings for the fingers, legs, and 
arms. A ring is used as the outward 
symbol of the married state, as symboliz- 
ing eternity. At a very early period rings 
were used as a medium of exchange, and 
are still, I believe, in Western Europe and 
the East, and asthe money of African 
trades, for whom they are specially made 
of a mixture of copper and iron, and 
known as “ manillas.” 

Though Iby no means think that the 
slavish imitation of past productions is a 
thing to be encouraged, or thatit is im- 
possible in the present to produce any ar- 
ticle that shall not be as original, as 
graceful, and artistic as anything that has 
been produced before, yet I do think that 
designers would do well to study some of 
the examples of past times that have been 
preserved tous. There are numbers of 
beautiful forms, in the British Museum 
and elsewhere, that are well worth atten- 
tion and reproduction. 

Mr. J.S. Wright, in his paper on “ The 
Jewellery and Gilt Toy Trades,” read be- 
fore the British Association, says:— 

“The chief seat of trade formerly was 
Derby, where large quantities of common 
and medium jewellery were produced, 
Edinburgh and London manufacturing 
the finest goods. The trade has almost 
disappeared from the former places, and 
London now depends mainly upon Bir- 
mingham for the supply of articles suita- 
ble for the middle classes. Since 1836, the 
trade may be said to have been in a flour- 
ishing condition, but during the last twen- 
ty years its progress has been almost 
marvellous. The discovery of gold in 
Australia and California, the vastly in- 
creased wealth of England and her col- 
onies, together with the desire for per- 
sonal adornment, have united to give an 
unparalleled prosperity to this branch of 
industry, which now, directly and indi- 
rectly, affords employzaent to a larger 
number of persons than any other trade 
in Birmingham, whilst its increasing de- 
mand for novelties undoubtedly tends to 
develop in a larger degree the inventive 
and artistic faculties of a considerable 
portion of the inhabitants. With the ex- 
ception of a few machinists (and in very 





busy seasons the workmen in the. gun 
trade), the jewellers are the best paid of 
the Birmingham artisans. The rate, of 
course, varies considerably, but he is a 
poor workman who can only earn 25s. 
weekly; 30s. to 50s. may be considered 
the average of wages. Some obtain much 
more. Enamellers frequently gain as 
much as from £3 to £5 weekly. Boys 
are usually apprenticed at fourteen, when 
they earn 4s. per week, which is increas- 
ed annually until they are twenty-one, 
when they generally receive 10s. or 11s. 
working, as a rule, from eight to seven, 
with intervals of an hour and a quarter 
for dinner, and half an hour for tea. 
Youths sometimes make a considerable 
sum by working overtime. It is some- 
what singular, and contrary to what 
might have been expected, that only com- 
paratively few females are employed in 
this trade; its cleanliness, and the deli- 
cate manipulation required, would appear 
to adapt it especially for women. Two 
branches only give them employment— 
one is the “ guard-chain,” and the other 
is the ordinary press work, when they 
cut out or form the “ roughs;” but a con- 
siderable number indirectly obtain their 
living in connection with the trade by 
making paper and leather boxes, which 
are largely used, not only to protect, but 
also to set-off the finished article. 

“The jewellery trade furnishes a most 
interesting and important illustration of 
a peculiarity which places Birmingham in 
favorable contrast with every other large 
town and centre of industry in the king- 
dom—namely, the large number of small 
but independent manufacturers it sup- 
ports. There are comparatively few large 
manufactories, most of the articles for 
which it is noted being produced in shops 
where five to fifty hands are employed. 
Probably nine out of every ten of the 
master jewellers, who are now carrying 
on business on their own account, were or- 
iginally workmen. In one instance, at least, 
not less than twelve independent con- 
cerns are now in active operation, each 
employing a number of hands, the princi- 
pals of these twelve concerns having all 
been employed as apprentices or workmen 
in a manufactory which itself has been 
established within twenty-five years. 

“All that is needed for a workman to 
start as a master is a peculiarly-shaped 
bench and a leather-apron, one or two 
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pounds’ worth of tools (including a blow- 
pipe), and for material a few sovereigns, 
and some ounces of copper and zinc. His 
shop may be the top room of his house, 
or a small building over the washhouse at 
arentof 2s. or 2s. 6d. per week, and the 
indispensable gas jet, which the gas com- 
pany will supply on credit. With these ap- 
pliances and a skilful hand, he may pro- 
duce scarf-pins, studs, links, rings, lockets, 
etc., for all of which he will find a ready 
market on the Saturday, among the numer- 
ous “factors,” whose special business it is 
to supply the shopkeepers throughout the 
country. 

“The causes thus indicated, which have 
80 largely contributed to the establish- 
ment and prosperity of the jewellery 
trade’ in Birmingham, would, however, 
be insufficient of themselves to give it a 
permanent character. No doubt, success 


fora time largely contributes to the per- 
manence of a trade; dealers in the various 
tools, stones, and materials required are 
drawn together, and this affords great fa- 
cility to manufacturers, especially to those 
of small capital. 


Then the demand for 
noyelty stimulates the ingenuity of the 
producer, and, by insuring a continued 
supply of new styles, developes trade. 
There is no doubt it is the superiority of 
the workmanship that has continued the 
trade in its prosperous condition; and it 
is upon this superiority that reliance may 
be placed for its further development and 
permanent establishment in this locality.” 


FRANCE. 


It is generally supposed that the great- 
er quantity of mock jewellery comes from 
France. This is not the case at the present 
time. It used to beso, but for the last 
few years the manufacture has been stead- 
ily declining, and I think I may say that, 
whereas a thousand pounds’ worth used to 
go to Paris for every hundred pounds sent 
to Birmingham, that now the reverse is 
the case, and Birmingham takes the 
thousands, whilst France takes the hun- 
dreds. The cause of thisis easily divin- 
ed. The manufacturers of France, with 
their undoubted artistic skill, cannot com- 
pete with our mechanical appliances, The 
superior machinery that has been erected 
at Birmingham has brought the trade to 
us, and it ought to be a matter of congrat- 
ulation that the progress of our own in- 
dustry and endaibalnne is thus meeting 





with reward. The late unhappy war pro- 
bably gave the final death-stroke to a 
manufacture that once was of great pro- 
portions. There is also another reason 
why France cannot compete with Bir- 
mingham, and that is this: A manufac- 
turer, having ordered a die, and desiring 
to try the market with a few samples, has 
to pay dearly to the die-sinker for them, 
and is, therefore, unable to put them for- 
ward as cheaply as he might, were he able 
to stamp himself. Of course, if he is able 
to give an order for some large number, 
he can do the thing cheaply; but should 
he run short of a particular pattern, he is 
unable to supply a small order. In this 
country, a manufacturer, having his own 
dies and presses, can do as he pleases, 
can at once arrive at an approximation of 
the price it will pay him to sell at. I am 
afraid that France having once lost the 
trade, will never recover it. English man- 
ufacturers head the cards they affix their 
articles to with inscriptions in French, 
and even put French names to them, be- 
cause of the reputation French jewellery 
once had; but the Jargest portion of that 
so labelled is nearly all made either in 
London or Birmingham. This reputation 
it is found convenient to keep up, mostly 
because French artistic skillis so much 
higher than British; and although, at the 
present time, we are beating the French 
in the manufacture of both real and imita- 
tion jewellery, Ido not think that in ar- 
tistic skill we are any way near them. 
They certainly do turn out some beautiful 
designs, the result of the better acquaint- 
ance of their artist-workmen with works 
of artand design, and the result of the 
artistic education they receive. It seems 
to me, looking at the French trinketry, 
that they excel more particularly in com- 
binations. It is, perhaps, one of the most 
difficult things possible to put in harmon- 
ious contact a variety of materiale, of dif- 
ferent colors, in many different ways, so 
that there shall not be a wearisome same- 
ness. The British workman has, however, 
been so educated, that when once his 
mind is set upon producing anything in a 
certain manner, and his fingers get ac- 
customed to work in a certain way, it is 
very difficult to get him to alter his man- 
ner, and manufacturers find it better worth 
their while to turn out thousands of an ar- 
ticle all ofone shape and pattern than to 
give their workmen a little license to vary 
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and alter. Machinery has, of course, done 
much to increase this; and if it has cheap- 
ened production, it has, to a certain extent, 
fettered design. 

One of the particular branches of man- 
ufacture that the French excel in, and we 
cannot touch, is that of the application of 
steel. This manufacture originated, I 
believe, in England, but was adopted by 
the French, who now supply us with the 
ornaments, the trade having dropped in 
England ultogether. The steel ornaments 
are made up of small nails or pins of iron, 
the heads of which are first of all harden- 
ed as steel, then faceted and polished. 
They are then riveted to the ornament, 
which is fashioned previously. 


GERMANY. 


Germany manufactures a considerable 
quantity of jewellery. The principal exports 
to this country are very cheap imitations, 
in the form of ear-rings and brooches, etc. 
Among the specialties of the German 
manufacture are the articles made of the 
garnets of Bohemia. The Bohemian gar- 
nets are not of the finest, being somewhat 
black; still they make an effective orna- 
ment. The grinding and polishing of 
them gives employment to a large num- 
ber of persons during the summer. When 
water is frozen in the winter, they are 
unable to continue the operations; there- 


fore, there are times when it is difficult to 


obtain this jewellery. The garnets are 
mounted by the working jewellers of 
Prague. 

Silver filagree is another specialité of- 
German export jewellery. Such a brace- 
let as the one on the table, which displays 
alarge amount of work, it would be al- 
most impossible to produce in England 
for the same price on account of the dear- 
ness of labor. There is some taste in the 
design. Glass beads, and little glass 
brooches with a bit of tinsel upon them, 
find a ready sale in the English market, 
roughly and coarsely as they are made. 
The agate ear-rings and brooches sold 
wholesale at about 74d. per pair, are 
ground and polished like the garnets; their 
chief fault, however, is the mounting. The 
German workmen have not quite the ca- 
pabilities of turning out things cheaply 
and strongly. The characteristics of all 
German jewellery is that it is, as far as 
we metal work is concerned, thin and 

ail. 





Vulcanite, to which I shall refer pres- 
ently, comes principally from Germany. | 
In some things, glass-working, for in- 
stance, Germany can excel. Glass beads 
she makes inlarge quantities, as well as 
imitation pearls. The glass ear-rings on 
the table are sold wholesale in this coun- 
try at 8d. per dozen pairs. The rococo 
work, of which there was a large quantity 
exhibited in last year’s exhibition, is an- 
other species of ornament. 

Ivory carving is another industry which 
the Germans have turned to account in 
manufacturing personal ornaments, and 
they can produce brooches aud other 
things at a very cheap rate. - 

Some years ago there was a considera- 
ble quantity of iron ornaments imported 
from Berlin, where the manufacture of it 
by casting forms a large industry. They 
were sold just as they came from the 
mould, and had a rapid sale here at the 
time, and were very effective and delicate 
in jappearance. By great care in the 
choice of iron, and other precautions, the 
founders are enabled to obtain the metal 
in a degree of fluidity necessary to fill the 
minute and sometimes delicate moulds. 
The public taste has herein altered, and 
it is doubtful if any could now be obtain- 
- MATERIALS. 

If the wearing of trinkets is a universal 
passion, the materials of which those 
trinkets can be made are almost endless in 
number, ranging from human _ hair 
through the animal, vegetable, and min- 
eral world, down to the granite founda- 
tions upon which the world is built. Every 
metal has had its turn but one, for I have 
not heard that mercury, in its natural 
state, has yet been made into a brooch or 
ring. Various kinds of woods, ivory, bone, 
hair, pebbles, precious stones, glass, leath- 
er, paper, and the shells of mollusks, gran- 
ite, and plaster, are among those in use at 
the present day; and what will or will not 
be turned to account, as the tastes of the 
public vary, or the ingenuity of manufac- 
turers increase, I cannot say. There is no 
manufacture that affords a greater range 
of material, or of opportunities. for the 
display of artistic talent in using it. And 
when we take into consideration the rich- 
ness and value of some of the materials, 
we may say that it affords a grand oppor- 
tunity for a combination of both value 
and design. 
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GOLD. 


Gold, of course, is the metal from which 
the greatest portion of jewellery is made, 
and, besides its intrinsic value, no metal 
is so oe in appearance, or isso well 
suited for the purpose. Even when of low 
standard, it is able to hold its own against 
other metals; and this being the case, a 
successful imitation of gold is what the 
maker of mock jewellery most desires. 

While talking of gold of low standard, I 
may perhaps be allowed to say, as affect- 
ing the public very much in this matter 
of trinkets, that many persons imagine 
that in buying a gold ring for instance, 
because it is hall-marked, it must be of 
good, or, I will say, fine goid—indeed, in 
some cases, that it is 18-carat gold, which 
every one knowsis the best adapted for 
manufacturing purposes. But the fact is, 
a hall-marked trinket may be as low, I be- 
lieve, as 9-carat gold, that is to say, the 
greater portion of it is not gold at all, but 
alloy. Trinkets made of 18, 16, or 14 
carats possess a proportionate intrins- 
ic value of their own. They permit of del- 
icate workmanship, while they are hard 
enough to resist wear; but below that, al- 
though the trinket itself may have an ar- 
tistic value, yet it can hardly be said to be 
of gold, 12-carat being half gold and half 
alloy, and 9-carat gold having but little 
more than a third of the precious metal in 
its composition. I need not say that 3, 4, 
and 6-carat gold is practically of but little 
value. Till the reign of George III. the 
standard was fixed at 22 carats, then at 18 
carats; subsequently exceptions were made, 
and now only wedding rings are requir- 
ed to be of 22-carat, or what is called guinea 
gold. Silver, on the contrary, has a fixed 
standard, and all hall-marked silver is of 
the same metallic value. I cannot but say 
that the suggestion which has been made 
by Mr. Streeter and others, that the pub- 
lic should insist that the jeweller of whom 
they may buy should insert upon his in- 
voice the value of the gold he sells, isa 
good one. This would check certain mal- 
practices that undoubtedly do exist, and I 
am not at all sure but that it would lead 
to the fixing of one standard, as is the 
case in France and other countries, and 
that then the public would get their value 
for their money, and we should, by means 
of our superior powers of production, be 
enabled to increase our exports of jewel- 
lery to the Continent, where at present, it 





is looked npon with considerable disfavor, 
not on account of its design or manufac- 
ture, but because of the doubt which exists 
as to its precise value. 

There is one reason why the fixed stand- 
ard of gold is of less importance in this 
country than in others. England, unlike 
most continental countries, does not pos- 
sess @ distinctive type of jewellery. In 
France, Belgium, and other countries, 
there is a national peasant jewellery, 
which is handed down from generation to 
generation, .and considerable sums of 
money are expended in the ornaments 
which are to become heirlooms, and the 
manufacture of them is an important in- 
dustry. Now, as peasants, or persons who 
are unable to form correct estimates of 
the value of gold from its appearance and 
weight, would be greatly liable to be im- 
posed upon, and their savings be exchang- 
ed for trash, unless some stringent rule 
were laid down, a mark of purity, which 
has only one meaning, is an important 
thing. Every one knows the mark, and 
to see it upon the article they may desire 
to purchase isa guarautee to them that 
they are justified in expending their 
money uponit. The amount of money 
thus locked up in France, Holland, Spain, 
and other countries is enormous. In Eng- 
land, on the contrary, among the great 
bulk of the people there is no tamily jew- 
ellery. The great houses of the country 
pride themselves upon their jewels, but a 
country farmer, who, it may be, cultivates 
the land his ancestors for hundreds of years 
back did, would laugh at the idea of fam- 
ily jewellery; his pride would lie in a dif- 
ferent direction. This, doubtless, affects 
our English manufacture to a certain ex- 
tent, for trinkets are bought to serve their 
purpose and their time; they are used to- 
day and thrown away to-morrow. They 
grow old-fashioned, are discarded, and, if 
of gold or silver, are sold as old metal. A 
French peasant woman would as soon 
think of selling her ear-rings“as old metal, 
because they did not accord with Paris 
fashions, as she would think of selling her- 
self for a slave. This want of reverence 
for personal ornaments may have made 
manufacturers much more careless, both 
in design and material, than they would 
otherwise have been. 

SILVER. 

Silver is used, toa certain extent, in the 

manufacture of ornaments, but the alloys 
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I shall presently refer to have beaten it 
out of the market. At one time, silver 
chains were very commonly worn, and 
many a schoolboy who received as a pres- 
ent a silver watch and chain, went back 
to school witha feeling of considerable 
pride in the possession of them. Now, it 
is extremely probable that, with regard to 
the chain, at all events, he would be very 
much better pleased with one of Mr. 
Pyke’s Abyssinian Alberts. To see silver 
chains now is a rarity, except among rus- 
tics, and they are very seldom displayed 
for sale in the shop windows. I must call 
attention to the beautiful oxidized silver 
casket upon the table, lent by Mr. Street- 
er. Itis of exquisite pattern and worman- 
ship, and shows what can be done with 
that method of treating the metal. There 
is no doubt whatever that it affords an op- 
portunity for treating silver in a unique 
and artistic manner, and trinkets are 
made of it, though I have none here to- 
night to show you. At present the public 
has not been sufficiently educated to ap- 
preciate them, but I believe that before 
long, as taste in these things improves, a 
very large industry will arise in connection 
with the manufacture of oxidized silver 


articles; the metal is sterling, and wears 
well; it is capable of elaborate workman- 
ship, and the treatment of it by oxidation 
gives it a distinctive character above a 


mere silver ornament. The national 
brooches and pins, set with various stones 
and pebbles, and known as Scotch jewel- 
lery, is a local industry of some merit, 
and the style seems very suited to the 
somewhat barbaric formsof the Scotch 
national ornaments. The stones used are 
cairngorms, yellow amethysts, jasper, and 
agate. 


ALUMINIUM AND ITS ALLOYS. 


The discovery of the metal aluminium, 
and the success of the experiments of De- 
ville, Gerhard, and others, by which its 
production in large quantities was proved 
possible, had a wonderful effect upon the 
manufacture of imitation jewellery, inas- 
much as it gave the manufacturer a metal 
which was of as good a color, as workable, 
but not so expensive, as gold. With re- 
gard to the metal aluminium itself, I may 
refer you to a paper read in 1859 by our 
Secretary, Mr. Le Neve Foster. It isa 
very malleable and ductile material,about 
4 times lighter than silver, and nearly as 





light as glass; and, from the properties it 
possesses, it is capable of being applied to 
a variety of uses. It has been made into 
jewellery and ornamentsof various kinds, 
but has never, I think, become popular. 
Some very beautiful articles have been 
manufactured from it, and in some re- 
spects it has an advantage over silver; it 
is not affected by the atmosphere, while it 
works easily under the graver. It is, 
however, rare to see articles made from it 
exhibited, though, ten or twelve years 
ago, buttons, shirt-studs, and brooches 
might have been bought cheaply in the 
Lowther Arcade and other places. It is, 
however, largely used for the mounting of 
telescopes, opera-glasses, surveying instru- 
ments, and spectacle frames, its lightness 
being of value in such articles; and, though 
it is admirably suited for the wheels of 
clocks and watches, I do not find that it 
is extensively, if at all, used. Although 
its use as a pure metal for trinkets and or- 
naments has not been established, yet, as 
I said just now, it has had a very mark- 
ed effect upon the manufacture of mock 
jewellery, from the fact that, with copper, 
it forms an alloy thatin color approaches 
gold more nearly than any other. The al- 
uminium, when used in small quantities, 
(the proportion being about 5 per cent. of 
aluminium and 95 of copper), gives a hard- 
ness to copper, rendering it capable of 
being polished to a high degree, but with- 
out destroying its malleability, such an 
alloy having also the further merit of not 
being sensibly tarnished by exposure to 
air. Thevalue of such an alloy as this to 
the maker of imitation jewellery is at once 
seen. In order to show this, 1 have here 
some pieces of chains, one of which, Mr. 
Streeter tells me, is 18-carat gold; one, 
Mr. Pyke says, is of what he calls Abyssin- 
ian gold, it being really of such an alloy 
as that I have referred to; and one which 
is ofa “ composition,” which, up to the 
discovery of aluminium, was the nearest 
approach in color to gold that could be 
got. The difference in favor of the alumin- 
ium bronze, which is its correct title, is 
evident. The “composition” to which I 
refer is probably an alloy of copper and 
zine, in the proportions of 66 parts of one 
with 34 parts of the other. Pinchbeck is 
another alloy of copper and zinc, of which 
watches and other trinkets were made, 
but it tarnished rapidly, and was much 
too dark in color even for 18-carat gold, 
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while the mosaic gold, as the alloy I have 
mentioned is also called, approaches, 
when polished, very nearly to the appear- 
ance of 9-carat gold, of which a large 
number of trinkets are made and sold. 


DOUBLE D’OR. 


I have.said that the materials of which 
trinkets can be made are innumerable. 
Among those that are in use at the present 
time, and have beén used with success, I 
may mention double d’or, which is a man- 
ufacture of French invention, dating from 
the year 1830, and which is produced as 
follows:—A plate of copper has a layer of 
gold placed upon it, the thickness of: the 
gold being as one to eleven of the copper. 
The two plates are made to adhere by 
solder, and are then passed through rollers 
till they,have been reduced to the required 
thickness. Great care has to be exercised 
to keep the metals from parting. It is 
evident that an article made from such a 
plate must have a gold surface, more or 
less thick, and that it is less likely to suf- 
ferfrom abrasion or wear than gilding, 
where the deposit is oftentimes very infin- 
itesimal, three pennyworth of gold having 
been known to cover a gross of livery but- 
tons. 


TORTOISE-SHELL AND ITS IMITATIONS. 


Tortoise-shell ornaments are well known, 
and, inlaid or in combination with the 
precious metals, it forms beautiful trink- 
ets. Some ornaments have been made 
from what is called artificial tortoise-shell, 
another French invention. This material 
was first introduced by M. Pinson, of 
Paris. It is obtained by melting, ata 
moderate temperature, gelatine with a 
small amount of metallic salts, and run- 
ning the whole into moulds. The peculiar 
markings and grain of the tortoise-shell is 
obtained by staining the substance with 
hydro-sulphate of ammonia. The objects 
produced, such as bracelets, brooches, 
combs, and various other fancy articles, 
are then polished and made ready for sale. 
Some of them are inlaid with gilt metal or 
silver, and some very pleasing effects have 
been produced. An imitation tortoise-shell 
is also made from horn, which is softened 
by heat, pressed in a mould, and then re- 
hardened. 

SHELL, ETC. 


Most trinkets of what is called mother- 
of-pearl are cut from the shell of the oys- 





ter, much in the same way that pearl 
buttons are made. The shells are import- 
ed specially for the purpose, and the por- 
tions of them likely to be useful are re- 
moved by means of small saws revolving 
in alathe. These portions are then split, 
and rendered equal in thickness by rasp- 
ing. The various shapes are then cut 
out, and are finally polished by the use of 
rotten-stone. 

In the Exhibition of 1862, Mr. Harry 
Emanuel exhibited some ornaments in 
ivory, which were quite new in style, and 
there is no doubt whatever that the ma- 
terial is capable of being treated in a most 
artistic manner. It is semi-transparent, 
and can be used either with its natural 
color, or stained and painted, still retain- 
ning its natural surface. 

The same gentleman also exhibited 
what he called pink pearl-shell jewellery. 
The shell was used in combination with 
other materials. The catalogue of the 
exhibition says, “that the pearl is cut 
from a rare shell found in the West Indies, 
and, from its delicacy of color, it far sur- 
passes the best and purest coral, while 
its brilliancy equals that of many gems. 
From its hardness, it is susceptible of a 
very high degree of polish, and it seems 
eminently adapted for use in jewellery, 
for which purpose it has not before been 
applied.” It is a rare material, and there 
is considerable difficulty in manipulating 
it; but there is no doubt of its beauty, 
and that it looks well in combination 


with other jewellery and with the precious 
metals. 


Woop. 


The ornaments in wood most known in 
this country are those made in bog-oak, 
of which large numbers are sold yearly 
at a very moderate price; notso moder- 
ate, however, as to preclude imitation. 
Side by side on the table is a brooch of 
bog-oak and a brooch and ear-rings of 
some hard wood, stained to resemble bog- 
oak, and looking at them it is difficult to 
tell which is which. There is a consider- 
able difference in the price, however, the 
imitation being about five times less than 
the real. The imitation, however, gets 
brown in a very short time, while the oak 
always retains its color. 

The bracelets and brooches of wood 
that are made in Scotland, are first of all 
turned, and are then highly varnished or 
enamelled, and colored according to the 
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pattern of some popular tartan. Oddly 


enough, as it seems to me, there is a con- 
siderable export of these goods to France. 


JET AND ITS IMITATIONS. 


Jet is a very beautiful material, found 
in the slaty rocks at Whitby, in Yorkshire. 
It is said to have been worked long before 
the time of the Danes. It is supposed to 
be, by Dr. Young, wood in a high state 
of bituminization. It is a material that 
makes admirable mourning jewellery, and 
it has a lustre and brightness which gives 
it the preference over bog-oak. I under- 
stand that Birmingham has taken up the 
manufacture of jet ornaments, that the 
various pieces of jet are worked at Whitby 
by hands in the employ of Birmingham 
manufacturers, and that the pieces are 
then sent to Birmingham to be mounted. 
Ebonite and vulcanite, both a compound 
of caoutchouc and sulphur, are among the 
imitations of it; another being a com- 
pound formed of a wood powder blacken- 
ed, moulded, aud hardened by a certain 
process. A large number of persons in 
the east-end of London gain a livelihood 
by the manufacture of vulcanite orna- 
ments. The material is very workable, 
and not expensive, and women and chil- 
dren can help. 

The vitreous imitations of jet are not, 
to me, particularly successful, but, as a 
manufacture, the English is better than 
the French, for this reason. The glass in 
the French is fastened to the metal back- 
ing only by shellac; the consequence is, 
that a slight blow will cause it to break 
off, and the heat of a room has been 
known to separate it. The English glass 
work is soldered to the metal, the glass 
having first of all a facing of some kind, 
and exept under very rough usage, it will 
wear very well. It is sometimes desirable 
to effect a combination between glass and 
metal, as in the case of some kind of but- 
tons for instance, and some common 
kinds of brooches. The pieces of glass, 
having been moulded or pinched the re- 
quired shape, are placed on an iron tray 
upon which is a metal foil upon which a 
flux has been previously applied. The 
tray is than placed in a furnace, and at a 
certain temperature, the glass and the 
metal foil fuse together, and enter into 
such perfect combination that, when 
broken, the metal and the glass still 
adhere to each other. 





MACHINERY AND HAND LABOR. 


Ihave said that machinery has done 
much for the cheap and rapid production 
of jewellery. Of course it is almost im- 
possible that hand-work can be entirely 
dispensed with, especially if anything like 
a difficult ornamentation is attempted. 
Even in the commonest article, say a 
brooch or a locket, the pin has to be fast- 
ned by solder, the hinge has to be affixed, 
and, in the case of a chain, the fasteners 
at both ends have to be put on. What 
machinery can do is this, it can save labor 
in stamping, and punching, and working 
mathematically correct, as it always does, 
it can turn out two parts, as the cases of 
lockets or the links of a chain, so perfectly 
true to each other, that no cutting, or fil- 
ing, or fitting is required. To give you 
an illustration of this, these two little 
watch wheels, which Mr. Streeter has 
given me, are so true to each other, and 
their cogs are so mathematically correct, 
that they fit one into the other, and be- 
come as it were one piece of metal. These 
wheels can be cut by thousands, and what 
is true of the first pattern is true of all 
the rest, and what is true of the whole 
wheel, is true of every cog; they can be 
turned round, fitted hap-hazard, yet are 
still true. So much for what machinery 
can do towards saving labor of this kind. 
No hand-work could possibly produce 
such a wheel as this in such a time and 
at such a cost. I believe I am right in 
saying that this wheel can be produced at 
a cost of threepence. In the case of 
trinkets, it can stamp out the parts of a 
locket so that it shall only require a pin to 
be inserted in a socket to make its manu- 
facture complete, and this it can do for 
other things. 

Here is a locket which has no hand- 
work whatever, about it; it is stamped 
out of one piece of metal; it has no hin- 
ges; it does not, of course, open, and the 
back and front are kept together by 
clamps, which are simply turned over. 

It may be interesting, perhaps, if I go 
regularly through the manufacture of a 
brooch by hand, as followed by a working 
jeweller. Mr. E. Stokes has kindly en- 
abled me to show you some of the appear- 
ances a plate of metal undergoes before 
it can come out in its complete form. 
Here is a plate of metal, and here is a die; 
this die, as you all, I have no doubt, 
know, is cut in steel by a class of work- 
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men who are called die-sinkers, but of 
whose work I need say nothing. The 
object of the workman is to get a perfect 
impression of this die upon the plate of 
metal. To obtain this, he manipulates 
the metal, and gradually works it down 
into the die bit by bit. Having worked 
at it for some little time, it is found 
necessary to anneal the plate, as it is 
called, for long continued hammering 
makes it brittle, and incapable of further 
extension. It is again heated, and allowed 
to cool slowly. This operation has to be 
repeated a number of times, during the 
process of taking the impression, and its 
various stages are represented here. This 
having been accomplished, the next step 
is to add any other parts that may be 
necessary, by soldering, and then the 
whole is placedin what is called “ pickle,” 
that is, a hot alkaline solution, which 
removes the effects of the fire, and then, 
if of common metal, it is gilt, and the 
parts that are intended to be bright are 
burnished. 

This taking an impression from a die is 
done by machinery in precisely the same 
way, only the press acts instead of the 
repeated taps of the hammer; the whole 
piece is not stamped out at once, as many 
will think, but a portion at a time, and 
the same annealings take place. I believe 
Iam right in saying that experiments 
are being made with a view to attaining, 
by a slow and equal pressure, the power 
of completing the stamp at one operation. 
Equal pressure is what is wanted. You 
will readily understand that, in forcing the 
metal into the die, it is very likely to be 
much thinner at the point of pressure 
than anywhere else. This is the great 
difficulty, which is not overcome even in 
hand-work. I may say that in making 
jewellery there is always a loss of metal 
in working. In filing, chasing, cutting, 
etc., the metal flies off in a fine powder; 
this falls upon the floor, and is carefully 
preserved, the sweepings of a jeweller’s 
shop often being of great value. The 
working loss in gold is calculated to be 
one pennyweight per oz.; therefore, in 
estimating the price of jewellery, this has 
to be allowed for. In machine-made work, 
the liability to loss is greater than in hand- 
made, because the particles fly off to a 
greater distance, and are not so easy to 
collect. This difficulty is got over by 
placing a glass shade over the mazhine, 





which catches the particles and keeps 
them together. 

The cutter by which the star shipes 
for lockets are cut out revolves at the 
rate of ahout 3,000 revolutions per minute. 
The value of such machine cutting is this, 
you get all the angles mathematically trae, 
which it is almost impossible to get by 
hand, and this exactness in geometrical 
patterns, where the least inequality offends 
the educated eye, is very great. 

Ihold in my hand a piece of chain, 
which is, to my mind, a perfect triumph 
of machine work. It is apiece of. com- 
mon snake-chain, which may be seen in 
any jeweller’s shop, and in common metal, 
may, I believe, be bought wholesale at 
about 4s. 6d. a yard. It is a marvellous 
piece of ingenuity. Its regularity, its 
flexibility, and the closeness of its manu- 
facture is wonderful, and I think it may 
fairly rank amongst the highest produc- 
tions of machinery. I believe I am right 
in saying that it is the work of a Mr. 
Holland, and that he has been able to 
keep the method of manufacture a secret 
to himself, and that all the snake-chains 
of this precise pattern are made by him. 
Any way, no one has yet been able to 
discover from an inspection of the chain, 
in what way it is made; and, pull it to 
pieces as you will, it defies scrutiny; and, 
as a distinguished manufacturer said to 
me the other day, “I have tried over and 
over again, but have failed, and I believe 
one might grow gray in trying.” Mecha- 
nists may be able to give a shrewd guess 
as to the kind of machinery employed, but 
the combination they cannot guess. Let 
us hope that the secret, if it is possessed 
by Mr. Holland only, will not be lost when 
he is gone; for the pattern is not only one 
of the most popular, but certainly is one 
of the most pretty and useful. It hasa 
few defects; for instance, it is easily snap- 
ped in two, and when once snapped it is 
unmendable, for it is the only pattern in 
which there is no solder. 

IfI cannot explain to you the manu- 
facture of the snake-chain of Mr. Hol- 
land’s invention, I can this, which is tech- 
nically called a spiral chain. It is hand- 
made, and consists of two wires, with turn- 
ed edges—a male and a female wire. 
These are bound round what is called a 
spit, the edges being turned towards each 
other. The elastic character which the 
finished work has, is caused, it will be 
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readily seen, by there being a space be- 
tween the edges of the wires. The wider 
the wire the greater the elasticity. The 
varying width which this bracelet, for 
instance, has, is given by the spit, which 
is wider in the centre than it is at the 
ends. It will, therefore, puzzle some to 
know how the skip is removed; this is 
done by burning. When enough of the 
wire has been rolled, it is cast, spit and 
all, into the fire; the wood burns but the 
metal remains intact. Itis an ingenious 
chain. I am not acquainted with the name 
of the inventor, but he certainly has en- 
abled some very effective ornaments to be 
produced. There is another method of 
getting rid ofthe spit used in France, and 
possibly in England. The spit is formed of, 
metal D’Arcy I believe it is called, an alloy 
of bismuth and lead, which is fusible in 
boiling water. The chain is made as be- 
fore, and the alloy is run out by applying 
heat. 

A considerable saving of labor has been 
effected by the introduction into the trade 
of ready-made mountings for stones. 
These mountings are used, not only for 
the cheaper, but for the finer kinds of 
jewellery. The parts that go to make up 
this ear-ring, for instance, are cut out 
separately by machinery, and then sol- 
dered together. Another invention for 
the same purpose, by Mr. Ferre, consists 
of a strip of metal with a serrated edge ; 
this is bent in the shape required, and the 
teeth are bent over the stones. 

Now, by way of conclusion, let me give 
utterance to an idea that has come into 
my head with regard to this matter of 
personal adornment. I am not going to 
say that makers and sellers of sham 
jewellery are lowering the morals of the 
country. I will not say they aid and abet 
the actual lie of those who would have us 
believe their brass is gold, and I will not 
go so far as my friend, Dr. Dresser, who, 
in a paper read before us last year, asked 
if the destruction of Pompeii and the woes 
that have lately fallen upon our neighbors 
across the Cannel, were not due to their 
false quantities in decorative art. But I 
do mind me of a sentence of that quaint 
divine, Dr. Andrew Fuller, who said that, 
in the time of Elizabeth, a “lady would 
assoon have patiently digested a lie as 
have worn a false pearl.” I am afraid 
this high regard for truth is not cha- 
racteristic of the present generation. 





There is, on the contrary, a good deal of 
show and humbug about even ladies and 
gentlemen, and “all isnot gold that glit- 
ters;” and it is possible that mock jewel- 
lery, false hair, pretended jewels, and other 
shams may blunt that keen sense of truth 
and right which distinguished our Saxon 
progenitors. At the same time, I am bound 
to admit that by the rapidity and cheap- 
ness of manufacture nowadays, things 
of beauty are placed before those who 
would never otherwise enjoy them, and 
perhaps, after all, as Mr. Wright, in the 
report I have alluded to says, “There is 
no valid reason why the factory girl should 
not display her gilt buckle and brooch of 
the same design as the golden one worn 
by the lady of the villa.” Art may thus 
serve the community by cheapening the 
cost of the beautiful, and afford gratifica- 
tion to the humblest members of society, 
by superior designs reproduced in the 
cheapest possible form, and attainable by 
all. 

Before I sit down, I must refer you to 
the specimens of jewellery upon the table. 
This case, lent by Mr. Streeter, contains 
some gold ornaments manufactured by 
machinery, the design being a /ac-simile 
of various leaves of trees, the most deli- 
cate fibres being reproduced with a sur- 
prising fidelity. This diadem and neck- 
lace of entwining ivy is most graceful in 
design, and seems to me to display a 
great amount of artistic skillin the work- 
manship. These trinkets, that I have 
referred to during the evening, have been 
lent me by Mr. Silber, of Wood street, 
who very kindly allowed me to choose 
from his warehouse the representative 
ornaments of the French, German and 
English manufacture. I have taken the 
best and the commonest of each, and pla- 
ced them side by side, so that you will be 
able to compare the workmanship and the 
designs of each of the great export coun- 
tries, although they are here more as 
specimens of peculiar manufacture than 
that of artistic work. 

This case of aluminium bronze orna- 
ments, lent me by Mr. Pyke, who calls it 
Abyssinian gold, brings very clearly be- 
fore you the perfection that may be arriv- 
ed at in the manufacture of jewellery. 
Independently of the value of the material, 
the workmanship is of the highest order, 
and I do not think any praise is too high 
for the artistic skill displayed. If taken 
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as a representation of this particular 
branch of English manufacture, I do not 
- think it can be beaten by any other 
country. Itis such work as this that 
shows how the taste of the public is being 
gradually educated to the appreciation of 
beautiful forms. Such magnificent gold 


ornaments as those of Mr. Streeter are 
beyond the reach of the poor man, who 


may, however, have in base metal a very 
artistic article of adornment. It is this 
‘only which redeems “mock” jewellery 
| from the vulgarity which one has learnt 
to consider as almost inseparable from 
sham. My best thanks are due to all these 
'gentlemen for their kindness, as also to 
| Mr. Stokes for the dies I have referred 


to. 








ON TESTING THE VALUE OF UNGUENTS. 


From the “Annual of the Royal School of N: 


In this article it is intended to consider 
merely the unguents used for machinery, 
and therefore to confine the attention 
principally to those qualities which are 
essential for this purpose. 

In testing unguents with a view of as- 
certaining both their absolute and relative 
values, it is necessary to fully bear in mind 
what an unguent really is, the use for 
which it is employed, and the particular 
qualities we should especially look for in 
it.. First then, an unguent is some sub- 
stance a thin film of which is capable of 
preventing the surfaces of two parts of a 
machine (working together) from coming 
into actual contact ; next, the use of an 
unguent is to reduce the resistance due to 
friction—that is, with an unguent the 
friction should be less than what it would 
be were the two surfaces actually working 
in contact, and of course with the reduc- 
tion of friction there will be a reduction of 
the wear and tear of the working parts ; 
another use of an unguent is to assist in 
conducting away the heat which has been 
generated by the friction. 

The quality of an unguent will depend 
in a great measure on the fulfilment of 
the above conditions. Thatis to say, the 
substance should possess sufficient viscidi- 
ty to prevent the film being forced out by 
the pressure with which the two surfaces 
are kept together ; and not enough viscid- 
ity to make the friction either equal to, 
or greater than, that caused by the sur- 
faces themselves rubbing together. The 
substance, also, by its flowing away, should 
be able to take away the heat generated by 
the friction, and so prevent the tempera- 
ture of the working parts being increased 
to an objectionable degree. To accomplish 
this last it must have sufficient fluidity to 
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the bearings, etc., and also to remove any 
of the solid matter left on the decomposi- 
tion or evaporation of any part of the 
unguent. 

There are also other properties of un- 
guents which will affect their quality and 
relative value—namely, their action, if any, 
on the material of which the surfaces are 
composed ; the action of the atmosphere 
on them; and the facility with which they 
can be used in the instruments, or other 
means, employed for lubrication. 

Another point to be borne in mind is 
the special purpose for which the unguent 
is to be employed; for example, a lubri- 
cant must generally be obtained which is 
adapted to the pressure by which the rub- 
bing surfaces are kept together, as under 
a certain pressure (per unit of surface) 
the minimum friction will be given with 
one lubricant, and under another pressure 
with some other lubricant. In some cases 
an unguent must be provided suitable for 
the speed at which the machinery moves,as 
it has been found that a lubricant which 
will reduce the friction to a minimum at 
one speed will not so reduce it at another 
speed. Again, an unguent must some- 
times be chosen to suit the material of 
which the surfaces are composed ; for 
though, as a rule, the friction of two sur- 
faces rubbing together depends on the 
unguent, and not on the nature of the ma- 
terial, still, in some cases, it is found that 
some particular lubricant is more suitable 
for certain surfaces than any other. 

Of the substances fulfilling the condi- 
tions above specified, most belong to a 
class of bodies known as fats or oils, a 
large number of which are found to pos- 
sess all the requisite qualities, in a greater 
or less degree, though some few other 
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are occasionally used. These various bo- 
dies will, of course, vary in point of im- 
portance according to the special purpose 
for which each is to be employed. 


The fats or oils used for lubrication are’ 


principally animal fats and vegetable fixed 
oils. Animal fats, though at ordinary 
temperatures more or less solid, may be 
regarded, both on account of their general 
properties and chemical constitution, as 
varieties of oil, and we shall therefore in- 
clude them under the general term of solid 
oils. There are also animal oils, properly 
so called, as whale oil (commonly called 
train oil), spermaceti oil, etc. Most ani- 
mal oils, being of a nature known as fixed 
oils, may be used for purposes of lubrica- 
tion; but being generally solid at ordinary 
temperatures, they are principally employ- 
ed for lubricating those parts of machines 
which work at high temperatures, which 
high temperature is not due to friction, 
but to some other cause; sometimes to the 
agent by which the machine works, as for 
instance, such parts of the steam-engine as 
the cylinder and slide-valve. The most 
common of the animal oils are:—Tallow, 
fat of sheep, oxen, and deer; lard, the fat 


of hogs; seal oil; whale oil; and spermaceti 


oil. Vegetable oils are very numerous, 
and most of them are fluid at the usual 
temperature, but very few can be used as 
lubricants, as it is necessary that oils so 
employed should be only those known as 
fixed oils, and they must be non-drying 
as well; the chief of these are olive oil, rape 
oil, almond oil, colza oil, cocoa-nut oil, 
and palm oil (the last two oils are soft 
solids at ordinary temperatures). The 
oils that are liquid at the usual tempera- 
ture are used for machinery in general, 
where the working parts are to be kept 
at alow temperature, and when, of course, 
the employment of solid oils would be 
inadmissible. Mineral oils also are some- 
times used as unguents. 

In some few cases other bodies are used 
as lubricants, instead of oils; for example, 
water has been found to answer the pur- 
pose, where metal and wood, or metal 
and leather, are working together; and 
graphitte and steatite (the substance 
known as French chalk) have been lately 
used as the lubricating matter in steam 
packing. We may mention, in passing, 
that soapy unguents (composed of an oil, 
an alkali, and water) are used for tempo- 
rary purposes; but as they are not gener- 





ally used for machinery, we need not 
again refer to them. 

Having briefly noticed the several 
points to which we must turn our atten- 
tion with reference to unguents, their pro- 
perties and qualities, we may now proced 
to detail the observations which should 
be made on, and the means which may be 
employed for testing these various sub- 
stances, with a view of ascertaining their 
values as lubricants. 

Two sets of observations may be taken 
—viz., one on the nature and properties 
of the oil without the aid of machinery; 
and the second on the properties and 
qualities of the oil when practically used 
on machines. The first set will include 
the following observations:—-The limit of 
temperature at which the oil ceases to be 
liquid, the effect of the atmosphere on an 
exposed thin film of the oil, the effect of 
the atmosphere on the oil in tanks or cans, 
and the effect of the oil on iron, brass, 
etc.; the question of cost might also be 
included under this head, but the con- 
sideration of this question must not be 
separated from the practical value. The 
second class of tests on the practical use 
of the oil in machinery should include: 
the manner in which the surfaces are 
working together, and the circumstances, 
in every detail, under which the parts are 
working; the quantity of oil used in a given 
time; the friction of the parts while in mo- 
tion, or the friction of motion; and the 
friction of the parts when commencing to 
move, or the friction of rest. 

Now to return to the first series of tests. 
We have first to note the temperature at 
which the oil ceases to be liquid, for it is 
requisite that the oil shall be in this con- 
dition at the temperature at which the 
machinery usually works, and, for ma- 
chines in general, that will be the ordin- 
ary temperature of the atmosphere, for if 
the oil be not liquid, it is evident that the 
heat which is required, first to raise its 
temperature to the melting point, and 
afterwards to liquefy it, must be generated 
by the friction; and this heat will be in 
addition to that usually and unavoidably 
produced by friction when a liquid oil is 
used. This additional amount of heat 
represents, and is equivalent to,so much 
extra work to be expended in friction, for 
the useless purpose, so far as the efficiency 
of the machine is concerned, of melting 
the lubricant. 
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Next, with regard to the effect of the 
atmosphere on an exposed thin film of the 
oil. It has been previously stated that 
none but fixed and non-drying oils are 
used as unguents. By a fixed oil is meant 
one which is not volatile, or which cannot 
be obtained by the process of distillation; 
and by anon-drying oil, one which does 
not absorb oxygen, and so become harden- 
ed; is not liable to volatilization, and of 
which the more liquid portions do not, as 
in some oils, decompose and leave the 
more solid behind. Itis evident, there- 
fore, that if an oil were a perfectly fixed oil, 
and also perfectly non-drying, the atmos- 
phere would have no effect upon it at all; 
but we know that no oil possesses these 
properties perfectly, from the fact that 
every oil has some peculiar odor, which 
proves that some part (probably an ex- 
ceedingly minute quantity) of it evapo- 
rates, and that most oils, known as non- 
drying, on being exposed to the air for 
some time, eventually become dry. There- 
fore, what has really to be observed is the 
relative degree that oils fall short of being 
perfectly fixed and non-drying oils.* In 
making these observations, care should be 
taken that the oils do not gather dust 
from the atmosphere, and so interfere 
with the correctness of the results. 

The next point is effect of the at- 
mosphere on oils in tanks or cans. Of 
course the same effect will be produced as 
in the case of oils exposed in thin films, 
only that it will take a very much longer 
time; it is, therefore, simply a question as 
to how long the oil will retain its original 
properties. Again, it has been found that 
the oils which retain their fluid condition 
at low temperatures, when kept at a low 
temperature (near the freezing point of 
water, according to the description of oil) 
deposit a substance known as slearin or 
margarin, the two principles of which oil 
consists—viz., olein, the more liquid por- 
tion, and sfearin or margarin, the more 
solid portion—becoming separated. 

We have now to consider the effect of 
oils on iron, brass, etc., when in contact 
with these metals. Oils may act chemical- 
ly on metals, either by their decomposi- 
tion, when the metal will combine with one 
ormore of the constituents of the oil then 





* Oils in the process of drying become, first, of the consistency 
of liquid varnish or gum; and should any oil, after exposure 
for a moderate time, be found to become adhesive, it is 
useless as an unguent. 





set free, or by having acid properties which 
will act directly on the metal. The action 
of an oil on copper or brass may be taken 
as an example of the former, and the 
action of certain oils on iron as an example 
of the latter, for when certain oils are 
used to protect iron from a moist atmos- 
phere, to prevent oxidation, it has been 
found that they produce a chemical action 
on that metal, which is due to the acid 
properties they possess; but the greatest 
evil is brought about by the acid proper- 
ties in oils, when, with iron and brass, or 
copper, in contact, a galvanic action is set 


up. 

A With the best oils very little effect is 
produced on the metals of which the 
working parts of machines are composed; 
therefore, if, after keeping any oils in con- 
tact with these metals for some consider- 
able time, any decided action is noticed, 
such oils should be rejected for lubri- 
cants. 

We will now proceed to the considera- 
tion of the second series of observations, 
the object of which is to ascertain the more 
immediate qualities of oils in their practi- 
cal employment as lubricants. The first 
point which should be noted is the special 
purpose for which the lubricant is to be 
used—that is, the manner in which the 
parts of a machine are rubbing together; 
for instance, one part may be revolving 
within another with a motion either con- 
tinuous or alternate in direction; or one 
part may be sliding within the other; or, 
again, the rubbing parts may be plane 
surfaces. There are other ways in which 
parts of machinery may work together, 
but the above are the principal. 

Then the circumstances under which 
the rubbing surfaces are working should 
be noted—namely the pressure with which 
the surfaces are kept together; whether 
that pressure is uniform, as in ordinary 
shafting, or whether it is variable, as in 
cross-head guides, etc.; or if the pres- 
sure is suddenly applied at intervals, as in 
the bearings of a connecting-rod. Next, 
the speed at which the parts are moving 
should be observed; whether the speed is 
uniform or variable; whether the machine 
has intervals of rest; and with regard to 
plane surfaces working together, whether 
these are horizontal, vertical, or inclined. 

Such observations as these, combined 
with those we shall mention presently, 
may be noted so as to ascertain whether a 
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particular oil is adapted toa particular 
kind of machinery. 

With regard to the remaining tests 
which have to be made—-viz., the quantity 
of oil used in a given time, the friction of 
motion, and the friction of rest—there 
have been machines made for the special 
purpose of accurately ascertaining these 
points. These machines are usually called 
oil-testing machines; the working parts 
with which the oil is tried are generally a 
bearing of some sort, with a shaft or drum 
revolving within it, so that the manner in 
which one part is rubbing on the other 
cannot be varied. In some machines, how- 
ever, experiments may be made with vari- 
ous speeds, and under different pressures 
keeping the surfaces together, and also 
with a variety of materials in the surfaces 
themselves. The testing is carried on as 
follows:—A thermometer is fixed to the 
bearing in such a manner that the temper- 
ature of the rubbing parts is obtained as 
nearly as possible. The lubricator is so con- 
structed that the quantity of oil which 
flows into the bearing may be easily meas- 
ured, means being taken also to vary 
the quantity supplied if necessary. To 
measure the friction, the whole or part of 
the bearing which is experimented on is 
free to revolve (within certain limits) with 
the shaft. It is carefully adjusted so as to 
be in equilibrium when the shaft is at rest, 
and when the shaft is revolving the friction 
will, of course, have a tendency to move 
the bearing round with the shaft, but this 
tendency to move is counteracted and the 
friction measured by a weight on the bear- 
ing acting in the opposite direction. This 
weight is made capable of being moved 
towards or from the centre of the shaft, 
so as to accurately balance the friction, 
and therefore measure force due to fric- 
tion with the greatest nicety. Both the 
Sriction of motion and the friction of rest 
can be ascertained by this means. The 
results obtained from an oil-testing ma- 
chine of proper construction are reliable, 
and therefore very valuable, although it 
must be borne in mind that these results 
are obtained only for a shaft revolving in 
a bearing; still, at the same time we must 
not forget that a large proportion of the 
working parts of most machinery consists 
of revolving shafts. However, if it is re- 
quired to make further observations with 
parts working with different motions, or 
if trials have to be made where an oil- 





testing machine is not attainable, recourse 
may be had to machinery in general. 

In trying oils on machinery in general, 
we must first select general bearings, or 
other working parts on which to make the 
experiments. The experiments may then 
be conducted in two ways: first, just suf- 
ficient oil should be used to prevent, if 
possible, the temperature of the working 
parts from rising too high, and the quanti- 
ty should be accurately and periodically 
noted ; the temperature also of the rub- 
bing surfaces should be recorded at regu- 
lar intervals ; for the rise of temperature 
due to friction will be nearly proportional 
to the friction itself, and where the abso- 
lute friction cannot be measured, as is 
done by an oil-testing machine, the rise of 
temperature will be sufficiently approxi- 
mate to show the relative values of the 
friction with the use of the various oils on 
trial. Secondly, the experiment may be 
conducted in this way: let a constant 
minimum quantity of each oil under trial 
be used in a unit of time, in turn on the 
same working parts, and note the rise of 
temperature in a certain interval of time 
in each case ; for it has been already sta- 
ted the rise of temperature will be nearly 
proportional to the friction. We say nearly, 
for although the heat given out by friction 
is exactly a measure of the friction itself, 
the temperature is not quite a measure of 
the heat. A more extensive and thorough 
practical trial of oils might be made in 
factories, with large engines, etc., where it 
is proposed to use any of them for ma- 
chinery generally in this way. Let each 
oil to be tried be used in lubricating the 
entire plant of machinery for a definite 
period, noting the quantity used; and 
during that period take indicator dia- 
grams of the driving engine, as frequently 
as necessary, to obtain the average power 
developed; note also the consumption of 
coal, or, what would be more accurate, the 
quantity of water evaporated by the boil- 
er. Care should be taken too, that, as 
far as practicable, the amount of useful 
work done by the machinery should be 
exactly alike on all the trials, and this 
would be possible in many cases. Then, 
under such circumstances, the only work 
that will vary is that required to overcome 
the resistance due to friction, and the dif- 
ference in the gross power developed by 
the driving engine will show the variation 
in the friction. One or two trials of 
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pensive, has been found to possess all the 
qualities required of an unguent, and to 
answer admirably for nearly all the pur- 
poses of lubrication. Suppose we wish to 


about two or three months’ duration, with 
each kind of oil, would be a fair practical 
test. In conducting these trials with 
oils, ample time should be given for | 


making all observations as complete as 
possible. 

Lastly, with regard to the money value | 
of oils. The question of first cost of oils 
will always be considered as a very im- | 
portant one, especially in large establish- | 


compare with it a cheaper oil (care being 
taken that we have pure olive oil, for it is 
sometimes adulterated with poppy oil, 
which is a drying oil, like linseed); after 
a fair trial with both oils, we may find 
that against a supposed saving with the 


ments where an immense quantity is used; | cheap oil we have to compare the follow- 
but at the same time due consideration | ingitems: a larger quantity jof the cheap- 
must be paid to the quantity required, and | er oil consumed ; additional outlay for re- 
to the. friction of the machinery when | pairs ; a larger consumption of fuel; and 
using these oils, bearing in mind that in- | perhaps also more labor to keep the ma- 
creased friction means increased wear and | chinery, etc., clean. And this greater ex- 


tear of machinery, and an increase of pow- | pense in producing useful work may more 
er for driving ; or,in other words, an in- | than counterbalance the apparent saving 
créase in cost of repairs and consumption | in using the cheap oil, thus verifying the 
of fuel. For instance, take the case of | old proverb that “the dearest is some- 
olive oil, which, though somewhat ex- times the cheapest in the long run.” 





ON THE FUNDAMENTAL PRINCIPLE OF THE ACTION OF A 
PROPELLER. 


From ‘‘The Annual of the Royal School of Naval Architecture and Marine Engineering.” 


The action of'a propeller would be a 
question of considerable interest consid- 
ered simply asa problem in theoretical 
mechanics, and its important practical 
applications render some knowledge of it 
indispensable to the Naval Architect and 
Marine Engineer. No one can have at- 
tempted to design or improve a propeller 
without having in his mind some idea of 
the mode of operation of a propelling in- 
strument, and of the conditions of maxi- 
mum efficiency to which it is subject. 
Yet it is only within the last few years 
that such knowledge has assumed such a 
definite form and been founded on such 
definite and widely-received principles, as 
to be entitled to the name and position of 
atheory. Even now the question is 
sometimes regarded asa very difficult one, 
incapable of treatment without a formid- 
able array of mathematical symbols, so far 
as it is capable of treatment at all. 

Unquestionably the problem has its 
difficulties, some of which have as yet been 
but imperfectly overcome, but we believe 
that the progress which has been made in 
its solution has been mainly due to the 
recognition of a principle in mechanics 
not more difficult to understand and 





apply than that principle familiarly known 
as the “Principle of Work,” with which 
all engaged in practical work are so well 
acquainted. Inasmuch as M. Brin has re- 
cently called attention to the subject of 
propellers in a paper read at the last meet- 
ing of the Institution of Naval Architects, 
we have thought it might interest some 
readers of the “Annual,” if we attempted 
to explain, in a manner as far as possible 
divested of mathematical forms and un- 
familiar expressions, the principle alluded 
to, and to trace, as far as the limits of an 
article admit, its more important applica- 
tions to the theory of propulsion. We 
shall do this by drawing a paralled be- 
tween this principle and the principle of 
work, explaining step by step the analogies 
which exist between the two, and the 
differences which separate them, causing 


| sometimes one and sometimes the other 


to be the more convenient in application. 
To thoughtful students of the orginal pa- 
pers* little that we say will be new, yet 
perhaps even such may not be sorry to 





* We refer especially to the ‘* Mechanical Action of Propel- 
lers,”” by Professor Rankine, and to “‘ Apparent Negative 
Slip,’’ by Mr. Froude, read before the Institution of Naval Ar 
chitects in 1865 and 1867 respectively. 
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see the question restated in a somewhat 
different form. 


ELEMENTARY PRINCIPLES. 


To commence at the beginning, let us 
first take the case of a body moving from 
rest in a straight line under the action of 
a constant force in that line, then we 
know that if P be that force, v the velocity 
of the body at the end of time ¢, 


Pt=my, 


where m is a constant, called the “mass” 
of the body, depending, first, on the size, 
secondly, on the density of the body, while 
the product m v is called the momentum of 
the body. Thus the force multiplied by the 
time during which it acts is equal to the 
momentum of the body ; and if the body 
have initially a given velocity, then we 
have only to substitute “change of mo- 
mentum ” for momentum. 

But, further, we know that, if « be the 
space described, we have similarly 


Pz=tmv*, 


so thatthe force multiplied by the space 
through which it acts is equal to half the 
mass multiplied by the square of the 
velocity, or, as we commonly say, to half 
the vis viva of the body, while if the body 
have initially a given velocity, we say that 
the change in the half vis viva is equal to 
the above-mentioned product. 

In the simple case, then, of a force act- 
ing on a body moving in its direction we 
see that the mechanical effect of a force 
may be measured in two ways: if it be 
considered as acting through space its 
measure is the change produced in the 
half vis viva of the body on which it acts, 
while if it be considered as acting during 
time its measure is the change in the mo- 
mentum of the body which has been pro- 
duced in the time. And these two ways 
of measuring force are not independent, 
but mytually convertible, the above equa- 
tions being connected by the relation c= 
4 v (necessarily true whenever a point 
moves with uniformly increasing velocity 
quite irrespectively of any consideration 
of the cause of that motion—by means of 
which either of these equations may be 
deduced from the other. 

In modern scientific works, forces are 
measured by the velocities they generate 
in bodies of given mass, but in practice 
forces are measured by units of weight 
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such as pounds, so that the product Px to 
which the familiar name of “ work” belongs 
is measured in foot-pounds or foot-tons. 
Hence the force P is said to accumulate in 
the body on which it acts Px foot-pounds 
of mechanical work which is stored up in 
the form of vis viva and reproduced again 
whenever the body is reduced to rest. 
Now we have no similar name for the 
product P ¢, but we see at once that it de- 
pends on time and force just as P « depends 
on space and force; hence it is properly 
measured in second-pounds,or second- 
tons, and we may now say that the force 
P accumulates P¢ second-pounds of mo- 
mentum in the body, all which must again 
be reproduced whenever the body is re- 
duced to rest. If we had a name* for P¢ 
the analogy would be perfect, and in fact 
the two cases are precisely parallel; for 


: : 2 
instance, just as we speak of —"as the 
oF 


“height due to the velocity v,” so we 
may with propriety—since 


Pt = W—— call —— 
g g 


the time due to the velocity v. And this 
analogy suggests that if we dwell too 
exclusively on the space-effect of force 
we may overlook important results ob- 
tainable by considering the time-effect of 
force. Following out this idea, let us 
now generalize, commencing with the 


PRINCIPLE OF WORK. 


Let us suppose any number of particles 
connected together in any way and acted 
on by any forces acting in any directions, 
then the work done by those forces as the 
particles move from one set of positions 
to another is spent in two ways: (1) in 
changing the half vis viva of the particles, 
(2) in overcoming their mutual actions. 
The half vis viva of the particles is simply 
the sum of the products formed by multi- 
plying the mass of each particle by the 
half square of its velocity estimated with- 
out reference to direction, while the way in 
which work is spent in overcoming mutual 
actions is easily understood by imagining, 
the particles connected by elastic strings 
in which case it is plain that the work 
done in stretching the strings must be 





*Sir W. Thomson has called the fPdt ** the time integral’, 
but this name is not very suitable for our purpose. For want 
of a name we are frequently obliged to use the word “ force” 
where we really mean the ‘‘ time integral,’’ or else to re- 
strict ourselves to the change which occurs in a unit of time. 





626 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





considered as part of the effect produced 
by the work done by the external forces. 
In two cases—namely, that ofa rigid body 
and that of a perfect incompressible and 
frictionless fluid—this second part does 
not exist, and the work done by the exter- 
nal forces is equal to the change in the 
half. vis viva. In an actual fluid the pres- 
ent state of our knowledge respecting 
molecular action hardly permits us to say 
whether the work dissipated in “ friction 
and shock” should be placed wholly in the 
first or partly also in the second class; we 
only know that the work done by the ex- 
ternal forces must be equal to the half vis 
viva due to visible motions together with 
the work dissipated as above. This is the 
principle of work as applied in hydrodyna- 
mics, a principle of wide and well-known 
application; there is, however, this obsta- 
cle to its use—namely, that the amount of 
work dissipated in friction and shock is 
usually large and difficult to estimate. 
Thus the greater part of a work on hy- 
draulics is taken up with the discussion 
of the “loss of head” by resistances of 
various kinds, a loss about which little is 


known except through direct experiment. 
In the theory of propulsion this obstacle 
is so serious that little or no progress has 
been made with the question by aid of the 


principle of work alone. Let us, there- 
fore, now try and generalize our other 
principle, which we may call the 


PRINCIPLE OF MOMENTUM. 


First suppose a particle moving in any 
way under the action of a force constant 
in magnitude and direction, then the or- 
dinary laws of motion tell us that the 
change of momentum in the direction of the 
force is equal to the product of the force 
and the time—that is, momentum, instead 
of being estimated like vis viva, irrespec- 
tively of direction, must always be esti- 
mated in the direction of the force we are 
considering. Nextimagine two particles 
A and B connected together in any way, 
and acted on by a pair of forces con- 
stant in magnitude and direction; then 
since “Action and Reaction are equal 
and opposite,” with whatsoever force 
A draws B in any direction, B 
will draw A in exactly the opposite, 
and hence it is easily conceived that what- 
ever momentumthe mutual action of the 
particles generates in A in any direction, 
it will generate an exactly equal amount 





in the opposite direction in B, so that, if 
we understand by the accumulated mo- 
mentum in any direction the sum of the 
momenta of A and B when moving in the 
same sense, and the difference when mov- 
ing in the opposite sense, then that accu- 
mulated momentum is unaltered by mu- 
tual action, and is consequently equal to 
the product of the sum pf the two forces 
and the time clapsed. And what is true 
of two forces acting on two particles is 
true of any set of particles whatever, con- 
nected in any way, and acted on by any 
forces ; the accumulated momentum in 
any direction is always independent of 
mutual action, and if the forces have a 
constant resultant in any direction, the 
change in that accumulated momentum in 
any time is equal to the product of that 
resultant by that time. Conversely, if we 
observe that a certain change in the ac- 
cumulated momentum of a system takes 
place in a given time, we infer just as cer- 
tainly that a corresponding force must 
have operated to produce that change, as, 
when a certain change is observed in the 
vis viva of a system, we infer that a cor- 
responding amount of work must have 
been done to effect that change. Such is 
the principle of momentum stated in a 
simple form suited to the problems we are 
about to consider, and its advantages are, 
(1) that it is true, irrespectively of mutual 
action ; (2) that we do not require to 
know the motions of the particles com- 
pletely, but only their resolved parts in a 
given direction. On the other hand, we 
must, in applying the principle, take care 
to consider all the forces which act on the 
system, and not merely those which do work, 
as in the case of the principle of work ; 
for this reason, amongst others, this 
principle is not nearly so fruitful of im- 
portant results in the greater number of 
mechanical problems as the principle of 
work; it is chiefly in hydrodynamical prob- 
lems that it is of great value, and,it must 
always be remembered that, so far from 
the principle being contradictory to the 
principle of work, on the contrary, the 
principle of work is frequently deduced 
from it in works on theoretical dynamics.* 





* In his third corollary to his laws of motion, Newton ex- 
plains what is to be understood by the total momentum ofa 
system, and proves that it is independent of mutual actions. 
When the principle of the text is generalized by adapting it 
to the case of variable forces, and extending to couples, we ob 
tain the six general equations which are placed at the com- 
mencement of modern works on the dynamics of a system of 
particles, and which simply express the equality which exists 
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Now the importance of the principle in 
hydrodynamics arises from the following 
considerations :— 

It was explained above, that in estima- 
ting the total momentum of a system we 
must take into account the direction of 
motion of each of the moving particles, 
and hence it appears that if two equal 
particles move in opposite directions their 
total momentum is zero. Now cases of 
fluid motion are common in which for 
every particle moving in a given direction 
with a given velocity another equal parti- 
cle exists, moving in exactly the opposite 
direction with that same velocity ; this, 
for example, is the case in a complete 
wave length of a deep water rolling wave 
and in many other kinds of wave motion; 
it is also so when a fluid forms a whirl- 
pool about a fixed axis; and thus it comes 
to pass that the resultant momentum of a 
fluid is often small, while its vis viva is 
great. And hence, whatever be the true 
nature of the process by which work is 
dissipated in a fluid by “ shock,” whether 
it be wholly due to infinitesimal whirlpools, 
or in part to some kind of mutual action 
between the particles, there can be little 
doubt that in estimating the momentum 
of a fluid mass we need only concern our- 


‘selves with the visible motions generated 


in the wafer without attempting to esti- 
mate those invisible motions which elude 
our senses, and the effects of which can 
only be obtained empirically. 

We now proceed to examples, and our 
first example shall be that of a 


JET OF WATER STRIKING A PLANE. 


A jet of water strikes perpendicularly a 
plane of indefinite extent, what is the 
pressure on the plane? 

If we follow the course of any parti- 
cle, at first it is moving perpendicularly 
to the plane with velocity v (say), then it 
gradually diverges from the axis of the jet, 
and at length after the lapse of an unknown 
time, moves parallel to the plane that is, 
its momentum perpendicularly to the 
plane gradually diminishes, and at length 
vanishes altogether. Let us now consider 
the change which takes place in the whole 
jet in a second; the number and velocity 





between the rate of change of the momentum of the system 
and the impressed forces considered as acting along and about 
three given axes. 

The couple form of the principle is useful in the theory of 
turbines, as Professor Rankine has shown in biz work on the 
“Steam Engine and other Prime Movers ”’ 








of the particles which at any instant are 
having their motion gradually changed 
are always the same, and the change, 
therefore, consists in the destruction of 
the momentum perpendicular to the 
plane of the quantity of water delivered 
by the jetin 1 sec. Multiply, therefore, the 
mass of a cubic ft. of water by the delivery 
in cubic ft. per 1 sec., and that again by v, 
the'result will be the change of momen- 
tuni in 1 sec., which, in conformity with 
our principle, must be the pressure on the 
plane. The result just obtained can also 
be derived from the principle of work, if 
the fluid be supposed frictionless, by an 
artifice which we have not space to point 
out, but we here see that it is equally true 
of a fluid with friction, the only supposi- 
tion made being that the velocity of the 
fluid perpendicularly to the plane is wholly 
destroyed—that is, that nothing of the 
nature of a rebound takes place from the 
plane. This problem, which is of primary 
importance in the theory of hydraulic 
machines, will be found further developed 
in Rankine’s “Steam Engine.” We regret 
that our space will not permit us to give 
some examples of analogous problems,* 
many of which are of much interest; but 
as we are especially considering the theory 
of propellers, we pass on to questions 
more nearly concerning that theory; first, 
however, remarking that the above result 
has been tested by experiment and found 
to agree well with theoretical conclu- 
sions.t 


VESSEL MOVING THROUGH THE WATER, 


When a vessel is towed through the 
water by a rope, the tension of which is 
R, the work done by R in moving through 
aspace x is R x, and this work is expend- 
ed in producing visible motions in the 
water, due to adhesion, friction, or nor- 
mal pressure, together with certain ed- 
dying motions, wholly or partly invisible, 
due to friction or improper formation of 
the vessel’s surface. These two kinds of 
motion, together with any change in the 
motion of the vessel itself, represent a vis 
viva exactly equivalent to the work done 


by R. 





*The formulz placed by M. Brin at the head of his paper 
on the jet propeller can readily be obaingd, but we do not 
insert them, as the problem of the jet propeller is so easily 
solved otherwise, and complex formule appear to us simply 
to divert attention from the real difficulties of the question, 

+ Many different experiments haye been made, which will 
be found fully discussed in ‘“‘ Rublmann's Hydraulics,” Leipsic, 
1857. 
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Let us now suppose the vessel floating 
in a sea of finite extent, and let the ten- 
sion of the rope act during a time ¢, then, 
if the resultant horizontal pressure of the 
finite boundaries of the sea be P, we must 
have (R—P) ¢ asthe momentum accumnu- 
lated in sea and vessel during this time, 
for the only horizontal forces acting on the 
dynamical system are these two—namely, 
Rand P. Now, though the assumption is 
not as obvious as it appears at first sight, 
we may assume with considerable proba- 
bility that if the sea be of infinite extent, 
pO, as it would be if all were at rest, 
and we shall then have Ré asthe mo- 
mentum accumulated in time (¢, just 
as R « was the vis viva accumulated 
through the space x. It may be asked 
whether this conclusion be true for an 
imperfect fluid, and the answer appears to 
be in the affirmative, only the “ stiffer” 
the fluid the greater must be the sea to 
make the supposition P—O sufficiently 
approximate, so that in the limiting case 
of a solid body no extent of body, how 
great soever, is sufficient to make this 
hypothesis true. We therefore conclude 
that the tension of the rope must be equal to 
the momentum generated in the sea and 
vessel during a unit of time. To take an 
example: if a vessel of 8,000 tons displace- 
ment be towed by a rope the tension of 
which is 20 tons, the momentum genera- 
ted at the end of 10 min. is 12,000 second- 
tons; if the vessel be moving uniformly, this 
amount of momentum is accummulated 
in the sea; if, on the contrary, it be initi- 
ally at rest, and at the end of the 10 min. 
be moving at 10 ft. per 1 sec., then —— 
X 10 second-tons has been generated in 
the vessel, and there remains 12,000— 


= 10, say 9,500 second-tons, 


g 
which has been generated in the sea. As 
has been previously stated, there is reason 
to believe that the momentum spoken of 
is represented simply by the visible mo- 
tions of the water, and not also by those 
invisible motions which must be consider- 
ed in applying the principle of work. 

We need hardly say that we are not 
hereby enabled to find out what is the ac- 
tual motion of each particle of water, 
nor how much water is affected by the 
passage of the ship. To obtain definite 
results from the principle of momentum, 
it is always necessary to know the initial 





and final motions of the water in some 
definite direction, and besides that, the 
quantity of water operated on must be 
known directly or indirectly. 

If the vessel, instead of being towed, be 
propelled by paddles, screw, or other mo- 
tor, worked by forces within the vessel 
itself, the momentum generated in sea and 
vessel is necessarily and always zero, and 
any forward momentum generated by the 
passage of the ship is necessarily exactly 
balanced by backward momentum gener- 
ated by action of the propeller. 


JET PROPELLER.—MAXIMUM EFFICIENCY OF 
ANY PROPELLER OPERATING ON UNDIS- 
TURBED WATER. 


The simplest kind of propeller is known 
as the jet propeller, that kind of propeller 
in which the water is drawn from the sea 
by a centrifugal pump, and projected 
sternwards from orifices in the side of the 
vessel. 

Here the water operated on is originally 
at rest; it is drawn into the ship and 
thereby caused to move with the velocity 
v, the speed of the ship, and is then pro- 
jected sternwards out of the orifices with 
a velocity v, which we will suppose known. 
The real final velocity of the water is then 
evidently v—v, and if A be the joint sec- 
tional area of the orifices, A vis the quan- 
tity of water in enbic ft. per 1 sec. which 
passes through the orifices, and according- 
ly, if m be the mass of a cubic ft. of water, 
m A v (v—v) is the momentum accumu- 
lated every 1 sec. in water originally at 
rest. This can no more be done without 
the operation of a suitable sternward force 
than the corresponding amount of accu- 
mulated vis viva in the water can be gen- 
erated without doing an equivalent amount 
of work, hence it follows that if P be that 
sternward force, 


P=mAv(v—-v). 


To understand how this sternward force 
exerted on the water operates, let us sup- 
pose first that, if the pump was not work- 
ing, the water in the neighborhood of the 
orifices would be at rest, or, in other 
words, that the propeller operates on un- 
disturbed water, then that sternward force 
operates solely through the sides of the 
passages which conduct the water from 
the orifices of entry to the orifices of 
discharge, for the external surface of 
the vessel will in this case most probably 
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have no sensible influence on the mo- 
tion of the water, and therefore cannot 
exert any force on it. It is only the re- 
sultant sternward force which is above 
determined, and not the intensity of that 
force at any proposed point ; it can, how- 
ever, be seen without much difficulty that 
near the orifices of entry it is a forward 
force gradually urging the water forwards 
from its state of rest till at length it at- 
tains the velocity of the ship, while as the 
water approaches the orifices of discharge 
it becomes a sternward force, increasing 
the velocity of the water till finally it is 
projected from the orifices with velocity v. 
The difference between the sternward and 
forward forces is the resultant sternward 
force P, the magnitude of which has just 
been determined. In the case spoken of, 
when the propeller operates on undisturb- 


this result applies to many other cases, 
and is, in fact, the maximum efficiency 
attainable by any propeller which oper- 
ates in undisturbed water, for it was 
explained above that the propeller must 
necessarily generate a backward momen- 
tum equal to the resistance of the 
ship, while it is evident that the vis viva 
of the water proceeding from the propel- 
ler is wholly wasted; but that vis viva is 
obviously least fur a given sternward 
velocity when the water is projected di- 
rectly sternwards; accordingly if we neg- 
lect resistance of passages and friction, 
the jet propeller is a propeller of max- 
imum efficiency ; and,further, the efficiency 
of any propeller which operates on undis- 
turbed water, and projects it sternwards 
with velocity v, must be as above =e. , 


+0 





ed water, this force P must be exactly | supposing always that no power is wasted 


equal to the resistance of the ship, unless, 
indeed, the ship be not moving uniformly. 
Hence, if R be that resistance, it follows 
that 
R=mAv(v -— y). 

Our result is independent of the nature 
and position of the orifices of entry, but 
we ought not to infer that these are mat- 
ters of no importance. If these orifices 
are not so contrived as to admit the water 
without sensible shock, more water will be 
set in motion than actually enters the ship, 
a result equivalent to increasing the resist- 
ance of the ship; while if those orifices 
be placed at a point where the water is 
considerably disturbed by the passage of 
the ship, a complex effect is produced, 
which will be further referred to present- 
ly. Meanwhile we go on to consider what 
conclusions may be drawn from the result 
just obtained. 

The velocity with which the water leaves 
the ship, is v—v, and the half vis viva accu- 
mulated in it is, therefore, 4 m A v 
(v—v)?; if we add to this the useful work 
done in propelling the ship, we shall have 
R v-+-4 m A v (v—v)?, which is equal to 
4m A v (v?—v?); and this must be the 
work done by the engines in a unit of 
time, irrespectively of friction and resist- 
ance of the water to being forced through 
the passages. Accordingly the efficiency 


Rv , 
jm Ava) that is 


of this propeller is 
7. 
vot+v 


It is not difficult to perceive that 


in any other way than in giving motion 
| to the propeller race. 

| From this result we see that the effi- 
ciency approaches unity the nearer v 
approaches v, while referring to the for- 
mula R=m A v (v—v), we see that, the 
smaller v—v is, the greater must be A, 
and hence we conclude that, other things 
being equal, the efficiency of a propeller 
is greater the greater the quantity: of 
water on which it operates. We shall have 
occasion to mention this hereafter. 

Our space will not permit us to discuss 
the case where the water operated on is 
disturbed by the passage of the ship, and 
we besides do not wish in the present ar- 
ticle to enter on questions which are not 
as yet completely understood. We merely 
remark in passing, that it is believed that 
in most cases the efficiency of a propel- 
ler is reduced by this cause. M. Brin, 
indeed, maintains in the paper above 
alluded to that the efficiency of the jet 
propeller can be made unity by placing 
the orifices of entry at the stern. This, 
however, does not seem possible, for to 
realize a propeller of efficiency unity we 
must take all the water set permanently 
in motion by the ship, and must project it 
backwards with such a velocity as to re- 
duce it to rest. It is evident that if the 
ship and propeller together leave behind it 
‘any water possessing permanent motion, 
then all the accumulated work in that 
_ water will be wasted. The reasoning by 
| which M. Brin obtains his result does not 

depend on any consideration of disturbed 
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water, but appears to assume that the 
pressure at the orifices of entry can never 
be less than the hydrostatic pressure due 
to the depth of the orifices, an assump- 
tion which amounts to supposing that no 
force is required to draw the water into 
the ship. In the other cases M. Brin* 
makes no similar assumption, and hence 
has arrived at a result agreeing with ours. 
We are certainly disposed to believe that 
the obvious view of the subject is the true 
one—namely, that the stern is the most 
unfavorable position for the orifices, but 
to give reasons would require a long 
discussion. 

Some of the results of this section can 
be obtained by the principle of work 
alone, but we have not space to give the 
reasoning We now pass on to 


FEATHERING PADDLES. 


We have already said that the principle 
of momentum will not produce definite re- 
sults unless we know independently the 
initial motion of the water, the final mo- 
tion of the water, and the quantity of 
water operated on. For these data we 
must have recourse to observation in 
every case. In feathering paddles the 
obvious phenomena are the great streams 
of water issuing from the paddles. Ini- 
tially this water is at rest, while finally it 
moves as is usually supposed with a velo- 
city (v) equal to that of the paddle-floats, 
an assumption which apparently cannot 
be far from the truth. If, then, Q—=A v 
be the quantity of water operated on per 
1 sec., the momentum accumulated in the 
streams in every second must be m Q (v 
—v)}, which again, assuming that the water 
amidships would be at rest if the paddles 
were not working, must be equal to the 
resistance (R) of the ship. Moreover, 
the half vis viva of the streams will be 4 m 
Q (v—v)?, and is consequently equal to 
4 R (v--v). Now the useful work done 
per 1 sec. is R v, and the power exert- 
ed by the engines, irrespectively of 
friction and other resistances to be 
mentioned presently, is R v, whence 
the power wasted is R (vv). Thus we 
see that the power wasted in producing 
that motion in the water which is neces- 
sary in order to obtain the required 





*M. Brin’s reasoning is not always easy to follow, but if the 
reader compares Section 7 of this Memoir with the ‘mode by 
which he deduces equation (9) of Section 5 from equation (8) 
of the same section, it will be seen, we think, that something 
like this is assumed. 
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| 
|propelling reaction is only one-half 
|the whole waste, a result characteris- 
| tic of all propellers operating on the 
water with uniform velocity. One con- 
dition of maximum efficiency in a pro- 
peller is the same as that in any other 
hydraulic machine—namely, that during 
entrance to and the whole passage of the 
water through the machine, there should 
be as little “ shock” as possible, a condi- 
tion which is violated by paddles, as is 
shown by the violent dashing about which 
the water undergoes under their action. 
Our investigation shows that this “ churn- 
ing” absorbs as much work as is required 
to obtain the propelling reaction; and, in 
fact, more than as much is thus absorbed, 
for we have neglected the resistance to 
forcing the floats in and out of the water, 
@ process giving rise to vertical forces not 
taken into account in the preceding in- 
vestigation, but which increase the work 
done by the engines, so that the efficiency 


of paddles is somewhat less than aad 


It may now be of some interest to com- 
pare roughly the efficiency of the jet pro- 
peller and feathering paddles, and for this 
purpose we shall suppose thatthe great 
technical difficulties which would arise 
from the use of large orifices have been 
overcome, so that our jet propeller sends 
back the same quantity of water with the 
same velocity as feathering paddles of 20 
per cent. slip, for which the orifices must 
be somewhere about the same size as the 
paddle-floats. Then the power wasted by 
the paddles will be 10 per cent. in the 
race, and from 25 to 30 per cent. in “churn- 
ing” the water and engine friction, while 
the jet propeller will waste 10 per cent. in 
the race, and at least 35 per cent. in en- 
gine friction and resistance of passages. 
Though it is generally agreed that the jet 
propeller has not yet been tried under 
favorable circumstances, we imagine most 
of our readers will agree with us in think- 
ing 35 per cent. alow estimate. But it 
will be seen that even thus the jet propel- 
ler is not so efficient as paddles, while in 
practice the jet area must be reduced, 
when, as shown above, the comparison be- 
comes yet more unfavorable. Besides the 
practical difficulties in the way of large 
orifices there is this objection, that if the 
orifices of discharge be placed under water 
they will add greatly to the resistance of 
the ship, while if they are placed clear of 
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the water, work must be done to raise the | ed above, and it may be asked how this is 
water passing through them above the | consistent with the fact that the screw pro- 
sea level; with large orifices the work so peller isa practically efficient propeller. 


spent would be a very considerable item. | The principal and probably the only an- 
swer to this question is, that a screw of 


large size operates on a vastly greater 
The screw propeller is vastly more com- | body of water than any paddle-floats which 
plex in its action than either of the simple | could be put into the same vessel, and it 
propellers we have been considering, for| has been shown above, that, other things 
three reasons:—(1) theaction is oblique} being equal, the efficiency of a propeller 
instead of direct; (2) the velocity of each | is greater the more water passes through 
particle of water acted on by the propeller | it. Yet no doubt it is conceivable that 
is not the same; (3) the screw always oper- | in some cases there might be less “churn- 
ates on water which has been previously | ing” in an oblique acting propeller so as 
disturbed by the passage of the ship, and | partially to balance the loss by lateral 
the difficulties thus created are so serious | motions. 
that at present theproblem cannot be said! In conclusion, we must say that it is 
to have received complete solution. It) hardly possible to do justice to the sub- 


SCREW PROPELLER. 


would be impossible for us to enter on | 
this question at the end of an article al- | 
ready too long; we shall therefore confine 
ourselves to a remark on oblique action | 
which immediately follows from what has | 
been said. 
Oblique action is always, other things | 
being equal, a cause of inefficiency in a, 
propeller, as has been sufficiently explain- 


ject within the limits of a few pages; we 
shall be content if we have succeeded in 
showing that the modern theory of pro- 
pulsion is something more than a mere 
hypothesis, resting, as it does, on the se- 
cure basis of an old and well-known me- 
chanical principle, interpreted and ap- 
plied in a manner suitable to the problem 
under consideration. 


THE THEORY OF THE HOT BLAST. 


(Continued from page 552.) 


Suppose now in this Guerche furnace, | if contact is prolonged in a furnace of 
containing, probably, only 3,000 to 4,000 | larger capacity. 
cubic ft., it were attempted tosmelt Cleve-| In illustration of this mode of action, 
land ore, which, so far as yield of iron|I will again quote from the experience 
and consumption of flux are concerned, | and figures kindly communicated to me 
nearly approaches that affording the re-| by my friend, Mr. Horton, of the Lille- 


sults just given. shall Iron Company. 

In order to prolong the contact between! In furnaces having a height of 53 ft., 
the ore of Yorkshire and the reducing | driven with cold air, an ore poorer than 
gases, as wellas to increase the deoxi-| the Scotch black band, and containing 
dizing power of the latter, probably not | about 43 per cent. of iron, calcined, was 
far short of 65 ewt. of fuel would be| smelted with about 40 ewt. of coke, af- 
necessary to obtain a ton of iron. No/| fording another case of an ironstone more 
less than 40 cwt. being thus expended | reducible than those which hitherto have 
in establishing the proper relations be-| formed the favorite basis of estimating 
tween the co-efficient of fusion and that | the effects of the hot blast. 
of reduction. Here the available heat may be taken 

There is, however, another method in| at fully 25,000 ewt. units beyond that 
making amends for this want of har-| which could possibly be absorbed in the 
mony between the two functions of the | process, and which, in consequence, must 
blast furnace. Instead of delaying the | have escaped from the throat. 
fusion of solids, and increasing the en-| Mr. Horton, encouraged by the exam- 
ergy of the reducing gases by the addition | ple of the Cleveland ironmasters, pro- 
of CO, the same object may be attained | ceeded to add to the capacity of his fur- 
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naces. Having to deal with materials en- 
tirely different in character from those 
used in the neighborhood of Middles- 
brough, this gentleman deemed it prudent 
to proceed with caution, and therefore 
contented himself with raising his fur- 
naces to a height of 71 ft. 

The result was most satisfactory, and 
at Lilleshall may be seen six cold blast 
furnaces, making good foundry iron with 
27 or 28 cwt. of coke, which is fully as 
small a quantity as would have been re- 
quired in the old furnaces of 53 ft.Jhad they 
been blown with an air at 450 deg.C. 
(842 deg. F. ) 

Possibly, looking at the tender nature 
of the coke at Lilleshall, and the size of 
the ironstone, Mr. Horton may have been 
quite right in not venturing on the adop- 
tion of the dimensions found now so 
commonly on the banks of the Tees, where 
the coke is dense and the ore in large 
pieces.: Were it possible, however, to treat 
the Shropshire minerals in furnace 80 or 
85 ft. high, so far as fusion and reduction 
are concerned, I apprehend there is little 
doubt the coke consumption might be re- 
duced to that of Guerche, viz., 25,000 cwt. 
to the ton of iron, for itis obvfous with 
an escape of 25,000 cwt. units there is still 
a considerable margin for economizing. 

Had such an alteration, as that just de- 
scribed as having been made at Lilleshall, 
been carried into effect before the intro- 
duction of the hot blast, even in the then 
state of knowledge of the theory of iron 
smelting, the inference would have been 
inevitable, that the advantage obtained by 
raising the furnace was solely due to its 
imperfect nature—in short, that just as 
the Stuckofen was inferior to the first 
high blast furnace, so was the furnace of 
53 ft. at Lilleshall inferior to that of 
71 ft. 

Like the discovery of Abraham Darby 
in using mineral fuel for iron smelting, it 
is impossible to overrate the value of the 
hot blast at the period of its first intro- 
duction. Indeed, I am not prepared to 
say that for the black band of Scotland, it 
may not have nearly as great a value still, 
due to some mechanical difficulties in its 
treatment, such as forcing the blast 
through a very high column composed of 
this mineral and raw coal, and which, 
therefore, may render a lower furnace 





ion I am guided by the alleged want of 
success experienced by the Scotch iron- 
masters, when they raised their furnaces 
in former years, and by the opposite re- 
sults obtained by Mr. Ferrie. 

Apart from any such impediments as 
those just mentioned, what I consider as 
beyond all doubt is, that the value of the 
hot blast at the period of its invention was, 
so far as any “extraordinary effect” is 
concerned, solely due to the defective na- 
ture of the furnaces then in use, and that 
when this is remedied, 1,000 units of heat 
in the blast can be as easily accounted for 
asa similar quantity derived from the 
combustion of fuel in the hearth. 

We have only to appeal to the knowl- 
edge afforded at Lilleshall in verification 
of this statement. Foundry iron is there 
produced with cold air by, say, 27} cwt. 
of coke. Let 12,000 heat units be thrown 
in with the blast, which are equivalent to 
4 ewt. of coke burnt with air at 485 deg. 
C. to CO. This at once is a reduction of 
the fuel consumed to 23} cwt., which is 
probably not far off the actual quantity 
furnace of 71 ft. would require. 

Speaking from the accumulated knowl- 
edge respecting the action of iron smel- 
ting obtained in recent years, we have 
seen that valuable as the hot blast was 
when applied to furnaces of moderate 
height, it was far from remedying entirely 
the structural defect alluded to above, for 
it was not until those of the largest 
description had their capacity doubled, 
that something like the full economy in 
smelting the ore of Cleveland was reached. 

Returning for a moment to the enlarg- 
ed Lilleshall furnaces, we have seen that 
precisely the same object was secured, 
whether, as in their case, an addition to 
the size was the means employed, or the 
blast was heated. Exactly the same law 
holds good with the furnaces of the for- 
mer moderate dimensions heated with air 
at 450 deg.C. They may be enlarged, as 
has been done in most cases in the North 
of England, or they may be retained of 
lesser dimensions, and fed with air at 600 
deg. to 700 deg., according to the mode 
pursued at Consett. 

The limit, or what I have already stated, 
and what, in a future section, I shall again 
state, I consider to be—the limit of econ- 
omy, once reached, very large capacity 


necessary, unless when assisted by Mr. | and very highly heated blast simply tend 


Ferrie’s coking chambers. In this opin- 


' to neutralize each other. 
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It may be urged that whether a certain 
number of heat units is communicated to 
the blast, and, rising upwards, is inter- 
cepted and returned downwards, or wheth- 
er the same result is brought about by 
an increase of capacity in the furnace, the 
effect upon the temperature of the crucible 
will be the same, and that in each case, it 
may be supposed, the heat of the latter 
will be augmented. 

Not having access to any furnace (close 
topped) using cold blast as would permit 
an accurate examination of the actual 
temperature of the escaping gases, after 
an addition to its capacity has been made, 
I have been unable to prove, by actual 
experiment, what the effect has been of 
such increase of size, and of comparing 
such results with those at furnaces of 
similar dimensions using hot air, both 
being engaged in smelting the same kind 
of ironstone. Under these circumstances, 
I have been compelled to make use of 
such data as I possess, which, unfortu- 
nately, are not the best fitted for the object 
in question, because the materials under 
treatment differed considerably in their 
nature. 

The furnaces selected for the purpose 
were two at Cyfarthfa, 52 ft. high, one 
blown with cold air, and the other with 
its blast at 332 deg. C. (610 deg. F.) The 
latter, using fully 8 cwt. less fuel per ton 
of iron than the other, nevertheless, had 
its gases passing off 60 deg. C. (108 deg. 
F.) hotter than those of the cold blown 
furnace. 

It was mentioned, in the present sec- 
tion, that waste of fuel in the blast fur- 
nace arose from a want of harmony be- 
tween the operations of fusion and reduc- 
tion, the latter not keeping pace with the 
former. I have shown how this was 
remedied by increasing the opportunity 
the reducing gases had for acting on the 
oxide of iron. This was effected by a 
prolongation of contact, obtained by en- 
larging the furnaces; but we have only to 
refer to those experiments which were 
undertakén for the purpose of ascertain- 
ing the laws which regulate the conduct 
of the substances met with in the process 
of smelting an ore of iron, to see that 
the shorter period of contact can be 
maintained, or even curtailed, provided 
the energy of the reducing agent is aug- 
mented. Thus in Exp. 36, while calcined 
Cleveland stone lost 37.3 per cent. of its 





oxygen in 8 hours, by being exposed 
to CO at a temperature of 410 deg. C. 
(770 deg. F), the same ore lost (Exp. 49) 
63 per cent. at a dull red heat in the same 
time, and 90 per cent. (Exp. 50) was ex- 
pelled in 33 hours, the temperature being 
that of bright redness. 

Iinfer, therefore, thatthe improvement 
by the use of the hot blast, is not due to 
any additional heat reconveyed to the 
hearth, but that such heat is utilized in 
promoting the energy of the reducing 
gases in the upper zone, and having done 
this, it is carried off from the outlet of the 
furnace. The reasons have been men- 
tioned to show it is unlikely that the 
temperature of the hearth is really sen- 
sibly increased, and also that a very small 
addition to that of the escaping gases 
greatly augments the power they possess 
of causing reduction. It seems to me, 


therefore, much more probable that the 
advantage derived from the use of heated 
air must be ascribed to the increased tem- 
perature in the upper region of the furnace 
by which the process of reduction is hasten- 
ed in a corresponding ratio. In this way, 
although fusion goes on at an increased 


speed in the hearth of hot-blast furnaces, 
on account of the decreased quantity of 
fuel by which it is effected, as reduction 
experiences a still greater acceleration, the 
two operations are carried onin harmony, 
in point of time, with each other. 

If, then, we take the case of a cold 
blast furnace of 52 ft., consuming any 
given quantity of coke per ton of its pro- 
duct, I say that the temperature of the 
hearth is the same as that of any hot blast 
furnace producing the same quality of 
metal, from the same materials, and that 
the action of reduction being too languid 
in comparison with the process of fusion, 
a loss of fuel is the result, in the manner 
already described, and that this loss may 
be remedied either by prolonging contact, 
or by increasing the energy of the reduc- 
ing gases by communicating heat to the 
air used for effecting the combustion of 
the carbon in the hearth. Further I say 
that when no such want of harmony be- 
tween the two branches of the process 
obtains, as in the case of the furnace at 
Guerche, no such stimulus as that afford- 
ed by the hot blast is required. From 
this latter statement it must not be con- 
cluded that no saving in fuel would accrue 
to a furnace using 25 ewt. of coke to the 
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ton of iron by the addition of a high tem- 
perature to the blast. The calories, how- 
ever, so contributed, would be found to 
correspond, in all probability, very closely 
with those afforded by so much coke 
economized by the change. 

I may be excused, if I parenthetically 
notice the great advantage to be derived 
from a perfect understanding of the fun- 
damental principles which lie beneath a 
process so essentially chemical as that 
carried on in an iron furnace. It seems 
scarcely possible to imagine that had the 
ironmaster, before Neilson’s time, been 
aware, and, being aware, had seriously 
considered, that in many cases, out of 
133,000 calories actually evolved, he only 
beneficially applied 49,000, or about 4 of 
the whole, we should not have had to wait 
for the accidental observation of a thought- 
ful gas-works manager, before attempting 
to avoid part of the loss of 63 per cent. of 
his fuel, which might have been done by 
the simpler plan of increasing the size of 
the furnace, in which, if the remedy be 
not perfect, it is at least as much so as 
that effected by the hot blast itself. 

Greatly curtailed in point of importance, 
as I deem the use of hot air to be, since 
the adoption of recent improvements, I 
would not have it supposed that it has to 
be regarded in any other light than that 
of a very powerful and valuable aid to the 
iron smelter. Its mode of application is 
so direct and simple that heat may be 
conveyed in greater or less quantity, as 
may be required, at once to the focus of 
most intense temperature, without wait- 
ing for a change in the materials, which 
requires some time before it reaches the 
tuyeres. This assistance, too, is afforded 
by a fuel, the escaping gases of which, in 
many cases, if not so applied, would be 
wasted. These attributes, even in their 
modified form of usefulness, will, in my 
opinion, insure for Neilson’s discovery a 
lasting position in the science of iron 
metallurgy, and will preserve for his name 
an exalted place among the most illustri- 
ous of those who, by their ingenuity, have 
advanced the industrial resources, and, 
therefore, the national importance of their 
country. 


ON THE EFFECT OF THE HOT BLAST ON THE 
QUALITY OF THE IRON. 


Like many new inventions, the hot 
blast met with considerable opposition at 





the period of its introduction. In Scot- 
land, including the coal used at the blow- 
ing engine, the waste incurred in coking 
the coal, and all other items, the reduc- 
tion in the quantity of fuel often amount- 
ed to 75 per cent. According to M. Duf- 
renoy, the money value arising fron this 
source, and that derived from a diminu- 
tion in the general working charges, from 
the increased make, amounted to £1 5s. 
11d. per ton of iron, made with air heat- 
ed to 322 deg. C. (611 deg. F.) 

With the Scotch pig iron makers, this 
difference in cost bore down all resistance, 
and every establishment in that part of 
the kingdom was speedily blown with hot 
blast. Wales up to the period of Neil- 
son’s discovery, was, according to Dufre- 
noy, able to produce pig iron at a lower 
rate than any other locality in Great Bri- 
tain. Unfortunately for the Principality, 
the mere act of heating the air completely 
changed the aspect of affairs, for while 
this modification of the manufacture was 
followed by a saving of 26s. per ton in 
Scotland, something like 1s. 8d. was all 
the benefit its adoption was, according to 
the French engineer, able to afford to the 
Welsh ironmaster. 

The Glasgow makers enjoyed immense 
advantages in the possession of their cheap 
and rich ironstone,but unfortunately, these 
were in a great measure, neutralized by 
its refractory nature when smelted in 
small furnaces (50 ft.) with cold air, a 
difficulty which involved the consumption 
of a large quantity of fuel, raised at a 
higher price than that of the Welsh coal- 
field. This objection was remedied by the 
addition of 600 deg F. to the blast. 

In Wales, on the other hand, the iron- 
stone was puor, but easily smelted; the 
coal was cheap (3s. 7d. per ton, Dufre- 
noy states), rich in carbon so that 50 to 
54 cwt. were able to produce a ton of met- 
al. This quantity could only, it was 
estimated, be reduced 17 ewt. by the use 
of the hot blast, from which had to be 
deducted 6 cwt. consumed in the heating 
apparatus, leaving a net gain of 11 cwt., 
equal to the saving of 1s. 8d. per ton, of 
which 1s. had to fall to the share of the 
patentee. 

After some unsuccessful litigation in 
disputing the legal position of Mr. Neil- 
son, many of the Welsh ironmasters dis- 
continued the practice of heating the blast, 
it being pretended that the trifling saving 
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in cost was more than swallowed up by 
the'inferior quality of the iron made by 
its means. 

However sincere these manufacturers 
may have been at the time in question, 
further experience has modified their 
ideas, for at the present day by far the 
larger number of furnaces in Wales is 
blown with hot air. 

It is now upwards of forty years since 
Neilson patented his discovery, and it is 
not a little remarkable that this question 
of quality cannot be considered as entirely 
settled yet. If the matter had to be 
judged by the acts of the majority of the 
manufacturers, then undoubtedly it might 
be inferred that the present cases, so few 
are they, where cold blast is still adhered 
to, might be regarded as the last signs of 
life in a struggle against speedy extinc- 
tion. Large, however as this preponder- 


ance of opinion may be in favor of hot 
air, it has the objection, it may be urged, 
of being entertained by those who may be 
supposed to prefer its use on account of 
the cheapness it has been the means of 
introducing into their process, and the 
great command it gives over the opera- 


tion. 

With every wish to deal fairly with the 
disputed point of quality, its decision is 
surrounded with much difficulty, and is 
one which requires great experience, be- 
fore any individual is justified in speak- 
ing with the necessary confidence even on 
facts capable of more speedy demonstra- 
tion than those appertaining more imme- 
diately tothe use and durability of the 
product. In illustration of this, I may 
observe on referring to some early note- 
books of visits to the Welsh works, that 
the opinion was then pretty generally 
entertained that the whole of the advan- 
tages obtained in the blast furnace by the 
use of hot air was, by the waste of iron 
and defective quality, lost in the forge 
and mill. 

The present generation, however, as a 
rule, has turned its back on the creed of 
its predecessor, and the advantages of hot 
blast, at allevents as a matter of economy, 
are, in our time, universaly admitted. As 
regards the alleged loss in the process of 
converting the piginto malleable iron, I 
have the indisputable authority of my 
friend, Mr. Menelaus, of the Dowlais 
Works, for stating that this is a mere 
illusion, and that small, comparatively 





speaking, as the saving of fuel in the blast 
furnace is in Wales (about 15 ewt.), the 
advantages of hot air cannot be denied by 
any one who has paid proper attention to 
the subject. This it must be recollected, 
is, of course, not a carelessly adopted 
view, but one which is the result of com- 
paring whole years’ operations conducted 
under the two systems. 

During the recent visit of the Iron and 
Steel Institute to Staffordshire, I made 
the subject a matter of constant inquiry. 
I cannot say the answers received were 
universally in one direction, but there is no 
manner of doubt the large preponderance 
of opinion, and this from makers of im- 
mense experience, is, that from the same 
materials there is no appreciable difference 
between hot and cold blast pig, nor in the 
malleable iron afforded by the two kinds 
of metal. 

My experience in foreign countries leads 
me to believe that this is the view entertain- 
ed by the great majority of those producers 
of the fine descriptions of charcoal iron, 
whose position in the market is entirely 
dependent upon the world-wide reputa- 
tion of their limited make. With few ex- 
ceptions, I found these Continental man- 
ufacturers had applied hot air to their 
furnaces; as, for example, in Norway and 
Sweden, when treating the pure magnetic 
oxides of these countries, in Styria and 
Carinthia, for smelting the fine spathose 
ore of Eisenerz and Lilling, and at Ful- 
lonica, when using the specular ore from 
the neighboring island of Elba. 

At Dannemora, it is true, they adhere 
to coll air, on the ground, as I was in- 
formed that the quality of their well- 
known brand had suffered by an attempt 
to use hot air. 

Professor Tunner * on the other hand, 
who has had large experience with the 
manufacture of the pure charcoal iron at 
Eisenerz, asserts positively that deterior- 
ation is no necessary consequence of the 
use of hot blast. 

When such very minute quantities of 
certain substances, such as P, S, Si, etc., 
aré known to be capable of affecting in an 
unmistakable manner the properties of 
iron in which they occur, it is, perhaps, an 
act of over-refinement to reason upon their 
being present in greater or less amount, 
from our presumed acquaintance with the 





* Russland’s Montan Industrie insbesondere derse1 Kisenwe- 
sen. Laipsig, 1871. 
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nature of the smelting process, when car- 
ried on by means of air heated or other- 
wise. 

It may be urged, and perhaps reasona- 
bly so, that our knowledge of this subject 
is too limited to deal satisfactorily with 
so delicate a matter as that in question ; 
at the same time we must make the best use 
we can of the information we possess, and 
the argument based thereon must be 
judged accordingly. 

Viewing the action of the blast furnace 
comprehensively, I have regarded the 
actual work done as performed identically 
in the same manner, whether the air is 
used hot or cold. Thus, in the Lilleshall 
71 ft. furnaces, we have the combustion of 
about 28 ewt. of coke, affording the neces- 
sary heat for smelting iron from an iron- 
stone yielding 40 to 43 per cent., by giving 
the gases time enough to become saturated 
with O, and so to communicate their sensi- 
ble heat to the descending materials, that 
when the latter reached the tuyeres the 
store of heat they contained, added to that 
evolved by the combustion of the fuel, 
sufficed for the required duty, without any 
heat being communicated to the blast. If 
the furnace, instead of having a height of 
71 ft.,had only 48, the work was inefficient- 
ly performed, and had either to be supple- 
mented by the hot blast or by the con- 
sumption of a larger quantity of fuel in 
the manner already explained. By an in- 
crease of capacity and the use of hot air, 
a further economy of fuel may be effected, 
and this continues until the gases are 
fully saturated with oxygen. 

In effect, then, as has been already sta- 
ted, for a similar quality of iron, an identi- 
ty of temperature ought to be found in 
every furnace, whether the air which en- 
ters it is hot or cold. If this be so, then 
in the matter of temperature there is no 
reason why iron made in either way should 
differ materially. 

If, on the other hand, as has been and 
is often alleged, the effect. of heated air is 
to deteriorate the quality of the pig iron, 
we might reasonably expect that this de- 
terioration would keep some kind of pace 
with the elevation of temperature confer- 
red on the blast. 

In comparing hot with cold blast iron, 
I speak with hesitation, from my want of 
experience with the latter, but in dealing 
with iron made in furnaces blown with air 
at about 350 deg. C. (662 deg. F.) up to 





500 deg. C. (932 deg. F.), I labor under 
no such disadvantage. I may, therefore, 
confidently state from my own personal 
acquaintance with both, that the quality 
of the product has in no way suffered by 
the change from the lower to the higher 
of these temperatures of blast. Indeed, I 
may go further, and give it as my own 
opinion that there has been an actual im- 
provement, which I attribute to the use of 
a less quantity of fuel, for, if reference is 
made to Section 35, on the behavior of P 
and § in the blast furnace, it will be seen 
there is an appreciable quantity of both 
these elements in the coke. Anything, 
therefore, which lessens the extent to 
which these acknowledged hurtful ingre- 
dients enter the furnace, must be benefi- 
cial, and one cannot be surprised that the 
iron has not suffered by raising the tem- 
perature of the blast, accompanied, as this 
has been, by a diminution in the quantity 
of fuel. 

Looking back at the figures contained in 
the section mentioned above, it will be 
seen that the phosphorus entering the 
furnace, when using hot air, for each 100 
parts of iron produced, amounted to 1.578, 
and the sulphur to 4.456. Were this fur- 
nace using 3 tons of coke per ton of iron, 
the phosphorus would be raised to 2.055, 
and the sulphur to 7.3 parts per 100 of 
pig. 

These arguments, based on the action 
of the blast furnace, so far as they go, 
would point to the conclusion that hot 
blast, far from acting hurtfully on the 
iron smelted by its aid, will produce a 
marked improvement by the change in 
its temperature. At the same time, how- 
ever, we must not overlook the fact that 
in the hearth of the blast furnace there 
is constantly occurring a series of very 
complicated, and, perhaps, not very well 
understood, chemical changes, which have 
been touched upon when speaking in Sec- 
tions 26 and 34, on the generation and 
decomposition of certain cyanogen salts. 
Whether or not slight changes in local 
temperature may affect the order of chem- 
ical action, which appears very active 
near the tuyeres, it is impossible, in our 
present state of knowledge, to say. 

The experience in the manufacture of 
Bessemer steel affords some informa- 
tion to guide us in the consideration of 
this intricate problem now under con- 
sideration. If a sample of pig is deliver- 
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ed to the bar iron maker, containing a 
large percentage of phosphorus, the action 
of the puddling furnace removes by far 
the greater proportion of this substance. 
Exp. 752. A specimen of pig iron was 

ascertained to have associated with it 

P 1.33 per cent. 

Ss .168 “ 


the puddlediron made from it contained, 
of P, .29 per cent.; and of S, a mere trace. 

Exp. 753. A second sample of pig iron, 
containing about 14 per cent. of P, yield- 
ed a puddled bar, giving only .33 per 
cent. of this substance. 

In the Bessemer converter, no such re- 
moval of phosphorus takes place, and as 
its presence in quantity amounting to less 
than one-tenth per cent. is fatal, the steel- 
maker has no alternative but to employ 
pig iron almost entirely free from this 
element. Sulphur, too, is equally shun- 
ned by the producer of Bessemer steel. 
Now ifthe action’of hot air, in the blast fur- 
nace, tended in any way to concentrate the 
quantityof either phosphorus or sulphur in 
pig iron, it is clear its use would be more 
carefully avoided in the manufacture of 
that intended for the steel works than that 
destined for the manufacture of bar iron, 
inasmuch as the puddling process is ca- 
pable of removing partially, at all events, 
the phosphorus, which is not the case 
with the Bessemer converter. This view of 
the question, of course, confines the eause 
of deterioration to sulphur and phosphor- 
us. Itis possible that some other ingre- 
dients may, by their presence, prejudicially 
affect the quality ofiron, such, for example 
as silicon, but I am not aware that those 
who advocate the use of cold blast have ever 
succeeded in demonstrating that the su- 
periority of iron, so smelted, was indebt- 
ed for its alleged higher excellence to the 
absence of any particular ingredient or in- 
gredients found in metal produced with 
hot air. 

At the present time, when the relative 
merits of the two systems of manufacture 
are compared, reference is very generally 
made to the high character of certain well- 
known brands of iron, which being pro- 
duced exclusively by means of cold blast, 
are regarded as : fiording incontrovertible 
proof of the superiority possessed by the 
ancient mode of smelting. 

It is almost superfluous to say that it 
is in the highest degree unphilosophical 
to institute any comparison between hot 





and cold blast iron, unless in each case 
the minerals are precisely the sanie. To 
some extent this hag been done, and it 
would appear that, according to the ex- 
periments of Fairbairn and Hodgkinson, 
already referred to, when the hot blast 
was applied to the minerals used at the 
Devon and other iron-works, there was an 
evident improvement in the strength of 
the pig iron. 

At that period too little importance was 
attached to the chemical constitution of 
pig iron to have prompted any one to 
ascertain, by actual examination, whether 
any change in this respect had been in- 
duced by heating the air, and at the pres- 
ent day it is, so far as my inquiries go, 
impossible to obtain specimens of hot and 
cold blast iron smelted from exactly the 
same materials. 

The nearest approach I have been able 
to make to this is afforded by the assist- 
ance of my friend, Mr. Walter Williams, 
the well-known Staffordshire ironmaster, 
and even‘here, the specimens are far from 
being all that is to be desired. 

The cold blast iron was the produce of 
the Staffordshire clay ironstone, smelted 
with South Staffordshire coke, and with 
the Dudley limestone as a flux. The hot 
blast iron was obtained from the same 
Staffordshire claystone, mixed with one- 
sixth North Staffordshire black band, and 
one-sixth red hematite. The limestone 
employed in this case was from Wales, but 
the fuel used was the same as in the cold 
blast furnace. There were thus two impor- 
tant deviations from identity in the materi- 
als—the ore in the hot blast furnace con- 
tained one-third of hematite and black 
band, which were not present in that 
blown with cold air, and the limestone was 
different. 

So far, however, as phosphorus is con- 
cerned, as the red ore is free from this 
ingredient, the sixth part of black band 
is the only source likely to bring any 
addition to this element, unless the flux 
from Wales is richer in P than that from 
Dudley. 

Neither of these possible causes of con- 
tamination, however, have added, prac- 
tically, either to the amount of phospho- 
rus or sulphur contained in the hot blast 
iron, as may be seen from the following 
analyses, carefully done by my present 
assistant, Dr. Watson. Both samples 
were No. 3 in quality. 
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Exp. 755. 

Hot blast. 
92.201 
2.568) . 

593f 3.161 


Exp. 754. 
Cold blast. 
93.761 


99.750 99.742 


In these experiments, there is a con- 
siderably larger quantity of Si in the iron 
produced by the hot, than by the cold 
blast furnace. In examining some of the 
analyses quoted in “‘ Watt’s Dictionary of 
Chemistry,” the Si, in some cold blast 
iron, exceeds even the quantity given 
above; thus, in specimens of Dean. Forest 
iron, made with cold air, 2.34 and 2.10 
per cent. are given as the content of Si. 
Knowing from my own experience, how- 
ever, how irregular the quantity of Si is 
in metal made in our own furnaces, blown 
with heated air, I was not disposed to 
attach much importance to this; never- 
theless, other pigs of the same Stafford- 
‘ shire iron were sampled, and these, on 
trial, gave results which confirmed my 
opinion on the uncertainty as to the exist- 
ence of Si in definite quantities. 

Cold blast. 
1.446 


Exp. 756. No.2 iron, Si % 
(. 


5 
Hot blast. 
2 iron Si % 2.521 


Exp. 758. No. 
1.948 


e759, 


The only other notable difference be- 
tween the two kinds of iron was the lar- 
ger proportion of manganese in that made 


by hot blast. The presence of this sub- 

stance was more likely to be an advan- 

tage than otherwise, but, to see whether 

its larger presence was accidental or not, 

further trials were made :— 

Cold blast. 
1.060 


Exp. 760. No, 2 iron, Mn% 
“ “ 


761.“ 4 sé 
Hot blast. 

762. No. 2 iron, Mn % 1.726 

7.8 4 of - 1,258 

These numbers indicate that the metal, 
in question, occurs in larger quantity in 
hot blast iron, made of the minerals al- 
ready specified, than is found in cold blast 
iron, from a mixture of ore of a some- 
what different character. 

I have in vain sought to connect the 
alleged superiority in quality, said to be 
enjoyed byiron manufactured with coldair, 
with any freedom from those substances 
generally considered as affecting prejudi- 


Exp. 
“ee 


cially the character of pigiron. Ofcourse, 
in them, as in all iron, hot as well as 
cold blast, we are pretty safe in asserting 
that excessive quantities of Si, P, or S, are 
hurtful, but on referring to a list of anal- 
yses in Bauerman’s work on the “ Me- 
tallurgy of Iron,” it will be found that 
certain highly esteemed brands of cold 
blast iron appear to contain more of 
these substances than do others much 
less favorably known in the market. 

Upon one occasion, the subject was 
made one of direct experiment at the 
Clarence Works. A furnace, about to be 
extinguished, was blown with cold air for 
a short time, the burden of ironstone, of 
course, being reduced to meet the change 
of circumstances. The trial was made 
some years ago, and the pig iron not hay- 
ing been submitted to analysis, I cannot 
speak as to its composition; but so far as 
the quality of bar iron it afforded is con- 
cerned, I know positively there was not the 
slightest trace of improvement. 

It is almost needless to observe, that a 
belief in the absence of any advantage in 
the quality of iron produced by one mode 
of manufacture or another, does not involve 
any doubt as to the excellence of the pro- 
duce of certain works which happen to 
be made by means of either ; all that is 
intended to be conveyed by the general 
tenor of the present remarks is, that it 
scarcely has been satisfactorily proved 
that the excellence in question is really 
due to the temperature of the blast used 
in the smelting process. I have been given 
to understand that, in some establishments, 
making high-class iron, when a furnace, 
worked with cold blast, is driven so as to 
produce above 90 tons a week, an unmis- 
takable deterioration in the quality of the 
bars obtained from pig iron manifests it- 
self. Acceleration alone, in the speed of 
driving, may of itself give rise tu an in- 
crease in the intensity of temperature 
evolved from a given quantity of carbon ; 
but, at the same time, it is much more 
likely that the depreciation in quality, if 
it occurs, is due to a reduction in the ac- 
tual heat of the hearth, which will be caus- 
ed by a portion of the reduction being ef- 
fected so low down in the furnace that the 
CO, dissolving C diminishes the weight 
of coke for combustion at the tuyeres, 
which, of course, will be followed by a 
lowering of temperature. 

It might be inferred that when the 
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problem to be solved was the mere deter- 


mination of certain physical properties, | 
there ought to be no difficulty in ascer- | 
taining the relative power of resistance | 
possessed in every conceivable direction | 


by iron, cast as well as wrought. 


All this has been done, and well done, | 
at a very early period by Fairbairn and | 


Hodgkinson, at the request of the British 


Association for the Advancement of Sci- | 


ence. 


gentlemen, results were obtained of a) 
at all) 


somewhat unexpected nature ; 
events, they certainly do not coincide with 


According to the report of these | 


| 


the relative estimation in which certain | 


brands of iron were held, and continue to | 


h of sec- 
strength 


tion in tons. 


Tensile strength per 
per square inch of 


cection in tons. 


square inc 
Crushing 


27.003 
42.324 
33,507 
40.535 
47.326 
47 .338 


5.667 
6.901 
6.032 
7.198 
7.949 
10.477 


} 
| 
3 
Low Moor No. 1, cold blast ... ; 
- No. 2, “ rene 
Bowling No. 2, cece 
Clyde iron No, 1, hot blast..... 
“ No.2 ‘ 
No. 3 


“cc 


“ee ad 





The following table contains the data of 


be held, in the market. The following | different makes of pig iron manufactured 
figures are taken from one of their tables :| by hot and cold blast, as determined by 


Tensile strength 

Compressive do. 

Transverse do. 

Power to resist impact 

Transverse strength of inch square bars........... ‘ 
Ultimate deflection do. in inches 

Modulus of elasticity per square inch........ Cocccccces 
Specific gravity..... 


Coed- 


Buffery. 
Talon No. 


No. 1. 


Carron, 


Carron, " q 0 
2) No. 3. 


Devon, 
No, 2 


Bat | 


1,012 


1,250 
1,156 


769 
925 
931 
963 
942 
1,058 
893 
989 


| 
} 
' 
| 
| 
| 
| 
| 





the same authorities as the preceding, in 
which the ratio between the two is given; 
cold blast being represented by 1,000. 
From these it would appear some irons 
are improved, and others are deteriorated 
in quality. 

More recently, Mr. Kirkaldy has bestow- 
ed much attention on the strength of iron 
and steel, and the results of his investi- 


BRAND. 


Govan (Scotch) 
PENG Ci iiindiens<45 sistpscethsebensees 


{ 


| 


| expts. of 


gations have been published.* From these 
the following numbers have been extract- 
ed to show that the more expensive irons 
do not exhibit a corresponding power of 
resistance. The specimens, Mr. Kirkaldy 
states, were obtained promiscuously from 
merchants’ and engineers’ stores, and in 
each case a rolled bar, 1 in. in diameter, 
was taken :— 


Number | Breaking weight per sq. in. of original area. 
of 





| Lowest. Highest. Mean. 


| 


Lbs. 
65,166 
65,701 
58,036 
59,726 
66,363 


Lbs. 

61,798 
62,404 
57,216 
58,746 
62,849 


Lbs. 
59,320 
58,678 
56.004 
57,738 
60,069 





Later still, M. Knut Styffe, the Director 


and Steel.”+ In this book, information of 


of the Royal Technological Institute of | temperature at which fracture took place, 


Stockholm, by order of the Government, 
undertook a series of investigations, which 
are recorded in a book on the “ Elasticity, 
Extensibility, and Tensile Strength of Iron 


and the carbon and phosphorus in the bars 
are given : 





**‘Experiments on Wrought Iron and Steel,’’ 1863. 
{Translation by C. P. Sandberg. By Murray, London, 1859. 
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Per cent. | 








Low Moor (cold blast) 
“ 


oe 
“ 


“ “ 
“ 


“oe 
“ 





Carbon. 


a sd [Temperature 


o o 
Phosphorus.| Tound bar bar, F. 





- 82 
+ 68 
+ 59 
+ 823 
- 40 
+ 57 
+ 60 
+ 59 
+ 818 














The pages from which the preceding 
figures are extracted contain much infor- 
mation which would be out of place in such 
a work as the present. 

My object has not been to compare the 
relative value of different kinds of iron, 
but to show how difficult it appears to 


be to prove the resisting power of either | 


cast or wrought iron by mere experi- 
ment. 
It must be remembered that the re- 


preference which commands a high price 

in the market, and this position it necess- 
_arily maintains against the produce of any 
| less well-known manufacturer, who, never- 

theless, may possibly turn out an article 

in all respects equal to that of his better- 
| known rival. 

My intention in this section, however, is 
‘not with this aspect of the question. It 
| is simply to express the opinion that no 
_ satisfactory proofs have been published to 


searches which gave the results just quoted, | show that the use of hot blast is attended 
by no means represent the conditions of| with hurtful effects on iron produced by 
actual use. A cube or cylinder of cast|its means, while many manufacturers, 
iron may have a high tensile or compres- | well known for the quality of their 
sive strength, but from excessive contrac- |‘make when cold blast alone was employed, 
tion in cooling in a large casting, may be| have commenced the use of hot air with- 


in such an unequal state of tension as to 
break on concussion. In like manner, bar 
iron may, from causes our present state 
of knowledge does not enable us to ex- 
plain, have great tensile strength, and yet 
be less able than others to resist those 
violent shocks to which in many cases it 
is exposed. 

All this goes to prove that it is long ex- 
perience alone which secures, and proper- 
ly secures, for any particular mark that 


out injury to the character of their iron; 
and further, that we have the evidence of 
authorities like Professor Turner in favor 
of the view, that whether iron is smelted 
by heat intercepted in the upper part of 
the furnace, or by fresh heat added to the 
blast, the resulting temperature in the 
hearth, I maintain, being, in all probabil- 
ity, the same in each case, is immaterial so 
far as the nature of the product is con- 
cerned. 


A NAVIGABLE BALLOON. 


From ‘‘Engineering.”’ 


The trial of M. Dupuy de Léme’s bal- 
loon, has certainly taken the importance 
of a scientific event in Paris. The con- 
struction of this aérial machine, starts 
with the principle, that to obtain a navig- 
able balloon, the two following conditions 
must be complied with: 


Ist. The permanence of the form of the | 


balloon, without any sensible undulation 
of its surface. 

2d. Obtaining a horizontal axis of least 
resistance in a direction parallel to the pro- 
pelling force. 

The permanence of force is assured by a 
fan carried in the car, and put in commu- 
nication by a tube with a small balloon 
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placed within the large one at its lowest 
part. The volume of this small balloon is 
one-tenth of that of the large one. It is 
furnished with a valve opening both with- 
in and without, and regulated by springs. 
The large balloon is provided with two 
hanging tubes open to the air, and falling 
for a distance of 25 ft. from the lower part 
of the balloon. The inflation of the little 
balloon causes the hydrogen to fall more 
or less in the hanging tubes, but never 
sufficiently to force it out of their open 
ends, 

To obtain a horizontal plane of least re- 
sistance, the form given to the balloon was 
that developed by the are of a circle turn- 
ing around its chord, and in which the 
versed sine was nearly one-fifth of the 
length of the chord. 

The following are the principal dimen- 
sions of the balloon: 


~ 
= 


NADMWWBA SOD: 


Total length from out to out........ 

Greatest diameter 

Cubic contents 122,000 
* Total height from top of balloon to bottom of 

the car 

Length of the car 

Greatest width of the car 

Diameter of screw 

Pitch of screw 


Ascensional force : 
With small balloon, not inflated 
“ i inflated 
Number of revolutions of screw per minute 
to obtain a speed of 5 miles an hour 
Time required to fill the small balloon by 


aid of the fan 15 minutes. 


The upper portion of the balloon is cov- 
ered with an envelope of fabric, which 
supports the car by a zone placed around 
the centre of the body. This envelope is 
then continued below the upper half until 
it covers about three-fourths of the body. 
Below the envelope, and attached in a sim- 
ilar manner, is a second zone within the 
first one, having the form of a cone tan- 
gential to the sides of the balloon. The sum- 
mit of this cone serves to attach the cord- 
age by which the car is sustained. 

The rudder consists of a triangular 
sail placed beneath the balloon and near 
the rear, and it is kept in position at the 
bottom by a horizontal yard 19 ft. 8 in. 
long, turning around a pivot on its for- 
ward extremity. The height of this sail is 
16 ft. 4 in., and its surface 161 sq. ft. Two 
ropes for working the rudder extend for- 
ward to the seat of the steerer, who has 
before him a compass fixed to the car, the 
central part of which is large enough to 


Vou. VI.—No, 6—41 





carry a crew of 14 men. The forward and 
aft parts are formed with a framing of 
bamboo. 

The screw is carried by the car. The 
shaft can be easily lifted from the rear, and 
thrown upon a forward support, so that no 
damage can arise to it, either on departure 
or arrival. The screw is driven by four 
men, or by eight men working at a capstan. 
The gas-escape valves, of which there are 
two, are placed at the top of the balloon, 
immediately over the pendent tubes, before 
spoken of, and through which the cords 
for working the valves pass into the car. 
The balloon is made of white silk, weigh- 
ing about 7 oz. per sq. yard, with 7 thick- 
nesses of caoutchouc superimposed; the 
envelope also isof white silk. The joints 
are so arranged that they are stronger 
than the material itself. On the inner 
face, three coats of varnish were applied, 
formed of gelatine, glycerine, pyroligneous 
acid, and of tannin. Such a varnish is 
impermeable to hydrogen. 

The.balloon, properly called, weighs 
about half a ton, and the total weight of 
the whole machine is 1.753 tons. The crew, 
luggage, provisions, instruments, etc., 
weigh 1.446 tons. Of ballast 3ds of a ton 
are taken. Collectively, these figures give 
3.85 tons, equal to the full ascensional 
power at the ground level. 

M. Dupuy de Léme had calculated that, 
with a speed of 5 miles an hour, the resist- 
ance of the balloon in the direction of its 
main axis, would be 24.26 ibs., and that the 
speed of the screw should be 21 revolutions 
per min. to overcome this resistance. This 
speed could be easily obtained by four 
men working for half an hour, and being 
relieved at the end of that time by four 
others; with the eight men working to- 
gether at a capstan 27 or 28 revolutions 
could be obtained, which would give a 
speed of about 8 miles an hour. 

The stability assured by the system of sus- 
pension adopted, is such that even under 
the maximum effort of eight men working 
the screw, the equilibrium was only dis- 
turbed half a degree, anda man in walk- 
ing from one end of the car to the other 
only affected it by half a degree. 

The apparatus for producing the hydro- 
gen by the action of dil-ted sulphuric acid 
and iron turnings, cons.sts of two batteries 
of 40 casks, each producing at one opera- 
tion lasting 3 hours, 5,375 cubic ft. of hy- 
drogen, and working alternately. 
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At the trial trip three days were requir- 
ed to fill the balloon. It was ready on the 
1st of February, in the evening, and it was 
kept inflated all night, but at two in the 
morning it was allowed to ascend sufficient- 
ly to attach the car, rudder, fan, connec- 
tions, etc. The loss of gas during the night 
had been inappreciable, and previous ex- 
periments showed that the varnished silk 
was perfectly reliable. The wind had risen 
and the meteorological bulletins were far 
from being encouraging. However, the in- 
ventor decided to make the ascent, and 
after having repaired a slight damage, he 
left the ground at 1 P. m. 

There were about two-thirds of a ton of 
ballast on board, and the balloon was in 
perfect equilibrium; 350 ibs. of ballast 
were thrown out, and the ascending force 
— produced carried the balloon up rap- 
idly. 

A strong wind was blowing from the 
south. A few minutes after the departure, 
the shaft of the screw was lowered upon 
its bearing, and was started by the eight 
men together, slowly at first, and then with 
an increased speed. The rudder was first 
moved to the right, then to the left, and 
then was adjusted in order to ascertain 
how far its influence would be felt by the 
balloon. When the screw was set in motion, 
the effect of the rudder was immediately 
felt, as desired, proving that the balloon 
had acquired a sufficient speed with rela- 
tion to the surrounding air. 

The experimental trips had a threefold 
purpose: to ascertain the stability of the 
balloon, the relative speed that could be 
obtained, and the manner in which it 
obeyed the rudder, either on a fixed 
course or in tacking. An anemometer 
previously regulated gave the relative 
speed of the balloon; a compass attached 
to the car indicated the direction of move- 
ment. To measure the course followed in 
relation to the ground, a planchette was 
fixed to the side of the compass parallel 
to the vertical plane, and in the direction 
of thetrue north. The field of the plan- 
chette was painted black, the part forming 
a vertical surface being white. By this ar- 
rangement it was very easy to obtain a 
visual ray in a vertical plane, the vertical- 
ity of the planchette being assured by the 
mode in which the compass was hung. By 
observing any clearly defined object on the 
ground, passing beneath the observer, 





and then by turning the planchette in the 
direction of the same object, when it was 
shifted from the vertical plane, the direc- 
tion of the route followed by the balloon 
could be read direct off the compass. 

The same observation gives the speed of 
the balloon, the height being observed bya 
barometer. 

Between 1.15 p.m. and 2.35 p. m. eight 
observations were taken of the height of 
the balloon, of the temperature of the 
route measured on the ground in relation 
to the magnetic meridian, four times with 
the screw not working, and four times 
whilst it was being driven by eight men. 
At 2.35 p.m. it was resolved to descend, 
and at 3 p. m. the balloon touched ground 
at Mondécourt, exactly at the village indi- 
cated on the map of the route laid out be- 
forehand from the calculated deductions of 
direction and of speed. 

The landing was effected with perfect 
success and without accident, in spite of 
the force of the wind. M. Dupuy de Lome 
arrives at the following conclusions from 
the results of the trial: That the stability 
of the balloon was perfect, that it mani- 
fested no signs of oscillation under the 
action of the eight men working the screw, 
and that the shifting of the weight in the 
car produced nosensible movement. The 
vertical axis was only shifted—under the 
most trying conditions—a small part of a 
degree, and longitudinally there was no 
change. 

In comparing the direction of the bal- 
loon drifting freely before the wind, with 
the direction given to it when the screw 
was in operation, it was found that the re- 
sultant made with the normal direction 
an angle of 12 deg. It is stated also that 
the speed given to the balloon, with 274 
revolutions of the screw was 6} miles an 
hour, whilst the rate due to the wind alone 
was from 26 to 37 miles an hour. 

With the same weight for a mechanical 
motor as that required by the eight men 
for driving the screw, a force ten times as 
great might have been obtained, and the 
speed due to the balloon under such im- 
proved conditions would be 13.60 miles 
per hour. With such a power it would ap- 
parently be practicable not only to make 
a considerable angle with the wind’s di- 
rection, but also under favorable circum- 
stances to shape the course of the balloon 
according to will. 





nam =f O22 6046642 22 2h oe at Oe oth 


THEORY OF THE STEAM ENGINE. 





ON THE THEORY OF 


UNITS OF MEASUREMENT.—PHYSICAL PROPER- | 


TIES OF STEAM. 


1. From the principle that heat and 
work are mutually convertible, it follows 
that quantities of heat may be expressed 
in foot pounds, and conversely, that quan- 
tities of work may be expressed in ther- 
mal units. In thermo-mechanical ques- 
tions it is necessary to have a common 
unit of measurement for heat and work, 
and in Rankine’s work the foot pound 
has been adopted, but the thermal unit 
might likewise have been adopted, in 


which case quantities vf work would be | 


expressed in thermal units by dividing by 
772: thus, l-horse power is represented 


33000 . 
by “ary OF 42.75 thermal units per minute. 


This mode of measurement possesses the 
advantage of leading to smaller numbers 
than the other; but, nevertheless, it will 
be seen herafter that the foot pound is 
the most convenient unit. 

In measuring temperature we employ 
Fahrenheit’s scale as the one in common 
use, although the centigrade scale is far 
more convenient, and it is to be hoped 
may ultimately be adopted. 

2. The density of a vapor or gas is best 
measured by the volume which 1 fb. of it 
occupies, for which the convenient term 
“specific volume” is used by Zeuner. In 
the case of saturated steam the specific 
volume is given by the approximate for- 
mula pvt = constant, up to a pressure 
of 120 lbs. per sq. in. (Rankine, p. 403.) 
The elaborate calculations of Zeuner have 
fully confirmed this formula as represent- 
ing with accuracy the density of steam as 
calculated from the relation existing be- 
tween its latent heat of evaporation, tem- 
perature, and specific volume. Accor- 
ding to him, the agreement (from .5 to 
14 atmospheres) is almost exact, if the 
index 1.0646 be used in place of Rankine’s 


- 17 
index is= 1.0625. (Mechanische Warme 


Theorie, p. 294.) The value of the con- 
stant is about 475, if the pressures be in 


pounds per sq. in., and the volumes in| 


enbic ft. If we employ Zeuner’s index, 





* Notes of the Thoury of the Steam Engine, being part of a 
course of instruction, in the eubject given in the Royal School 
of Naval Architecture and Marine Engineering by James H. 
Cotterill, London, KF. & F. N. Spon, 


THE STEAM ENGINE.* 


the formula, when adapted to logarithmic 
| computation, becomes 
log v = 2.516—.939 log p. 


| On account of the difficulty of obtaining 
| steam in a perfectly dry and saturated 
| condition, the density of steam can hardly 
| be said to have been determined experi- 
| mentally in a thoroughly satisfactory man- 
iner. ‘The best experiments are those 
|made by Fairbairn and Tate, who have 
given the following formula to represent 
them :— 

oa E+ ss 
where v is the specific volume in cubic 
feet, and p is the pressure in lbs. per sq. 
in. This formula is very convenient in 
calculation, but can only be used for pres- 
sures between about 20 and 60 lbs. per 
sq. in. (absolute); below 20 its results are 
much too large, above 60 they are much 
too small. (Comp. Art. 24.) 
| The density of steam is likewise fre- 
| quently measured by its “relative volume,” 
\that is, by the ratio which its volume 
bears to the volume of the water from 
which it was produced. To obtain the 
relative volume we have simply to mul- 
tiply the specific volume by 62.5. 

The complex relation between the tem- 
perature and pressure of saturated steam 
can only be expressed for a wide range of 
pressure by formule, such as that given 
by Rankine (p. 237), which require very 
tedious calculations. For pressures be- 
tween 6 and 60 lbs. per sq. in. we may use 
the formula 





t + 40>° 
P =Gir 

where p is the pressure in lbs. per sq. 
in., and ¢ is the temperature Fahrenheit. 
From 60 to 120 lbs. per sq. in. this for- 
mula may likewise be used, but unity 
should then be added to the result. 

Rankine has given a table of the pres- 
sure corresponding to agiven temperature, 
but the table unfortunately only extends 
to every 9 deg. F. For the convenience 
of students a table is subjoined of ‘the 
temperature corresponding to a given 
pressure for evéry pound on the sq. in., 
from 1 to 120. Fuller tables in English 
measures, which appear accurate so far as 
the writer has been able to examine them, 
will be found in “Porter on the Richards 
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Indicator.” The diagram recently pub- 
lished by Rankine is likewise convenient 
for obtaining the pressure and specific 
volume corresponding to a given temper- 
ature. 


Table of the Temperature of Saturated Sleam Corres- 
ponding to a Given Pressure. 
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8. The specific heat of water increases 
slowly with the temperature, as is shown 
by the formula (1), page 246. It is usual- 
ly supposed unity, but at high tempera- 
tures the error in doing so is not incon- 
siderable ; thus, at a temperature of 400 
deg. F., corresponding to a pressure of 250 
Ibs. per sq. in., the specific heat of water 
is 1.04; and at a temperature of 300 deg., 
cortesponding to 67 lbs. per sq. in., it is 
1.02. Where accuracy is required, it 
therefore cannot be assumed unity at high 
pressures. 

4. The total heat of evaporation of wat- 
er from 32 deg. at ¢ deg. is given by ‘the 
formula. 





Total heat = 1091.7 + .305 (T° — 32°) (ther- 


mal units. ) 
= 1082 + .305 T° 
H = 835,300 + 235.46 T° (in foot 


or 
pounds). 


which formule represent with accuracy the 
results of Regnault’s experiments. 

The formula commonly used for the 
latent heat of evaporation, namely, 


| == 966—.7 (T°+212) (in thermal units) 


assumes that the specific heat of water is 
unity at all temperatures. If great ac- 
curacy is required at high pressures, Ran- 
kine’s tables should be used, the interpol- 
ation in which, for temperatures interme- 
diate to those given in the table, in this 
case presents no difficulty. 

It will be seen hereafter that the quan- 
tity of heat necessary to produce 1 |b. of 
steam from 1 lb. of water depends upon 
the way in which the steam is produced ; 
it must, therefore, always be carefully re- 
membered that the terms, “ total heat of 
evaporation,” “latent heat of evapora- 
tion,” are conventionally restricted to the 
case where the steam is formed under con- 
stant pressure. ' 

5. The external work done in turning 1 
Ib. of water, at a given temperature, into 
saturated steam at the same temperature, 
is p (v—s) foot pounds, where v is the 
volume of steam produced in cubic ft., p 
the pressure in lbs. per sq. ft., and s the 
volume of 1 lb. of water or .016 cubic ft. 
In practice, s is usually neglected, the 
error so produced being only .8 per cent. 
at pressure of 226 lbs. per sq. in., and much 
less at lower pressures. When necessary, 
it is easy to take into account by subtract- 
ing .016 from the given value of v. 

The calculation of pv, especially for 
pressures intermediate between those 
given in Rankine’s tables, is troublesome, 
and hence a shorter method is desirable. 
If saturated steam conformed to the per- 
fectly gaseous laws, pv would be given by 
a formula of the form 

pv =a (461+") 
where a is a constant. 

On trial, however, it appears that, ex- 
cept at very low pressures, the errors of 
this formula are too great to render it of 
practical use: and if we modify it, writing 

pv=At+Bt ° 
where A and B are two constants deter- 
mined by trial, the same is true at tem- 





THEORY OF THE STEAM ENGINE. 


645 





peratures above 212 deg. Zeuner, however, 
proposes the formula 


External work = p (v—s) = A+Bt—h 


where A and B are constants determined 
by trial, and his the heat (in foot Ibs.) 
required to raise the temperature of 1 lb. 
of water from 32 deg. to ¢ deg., a quantity 
given in Rankine’s tables in the column 
headed A. If the specific heat of water, 
were unity at all temperatures, this for- 
mula would be of the same form as the 
last, A being 772 (¢ deg.—32 deg.); in fact, 
however, h increases more rapidly than 
thie, and his quicker increase appears on 
trial very approximately to balance the 
errors of the original formula. 

If we take A=15,450 (a value somewhat 
less than that which coresponds to Zeun- 
er’s value) and B=846, the formula be- 
comes 


External work = 15,450+-846 t--h 


which, as far as the writer has been able 
to examine it, agrees well with the results 
derived from Rankine’s tables. This for- 
mula is very convenient in calculation, as 
the value of Ais readily interpolated for 
temperatures intermediate to those given 
in the table. For temperatures below 
212 deg. we may write forh, its approxi- 
mate value 772 (¢-32), and thus obtain 


External work = 74 (542+1). 


A still more canvenient formula is de- 
rived from the formula given in Art. 2 for 
the density of steam. Supposing the pres- 
sure given in pounds per sq. in., and the 
product pv in foot pounds, we have 


Log (p v) = 4 .675+.061 . log p. 


The results derived from this formula 
are sufficiently accurate at all ordinary 
pressures. 


CYCLE OF OPERATIONS.——-INTERNAL WORK. 


6. The principle of the “cycle of opera- 
tions” is usually stated in the following 
form. Let a substance change its temper- 
ature and volume (or more generally its 
molecular condition) from some given 
state, and, passing through a complete 
cycle of such states, return to its original 
state; then the difference between the 
whole heat absorbed by the substance in 
one part of the process, and the whole heat 
rejected by the substance in another part 
of the process, is equal to the external 
work done by the body during the pro- 





cess. For example, let a pound of water 
be forced into a boiler, there evaporated, 
then pass through the engine into the 
condenser, and finally, after rejecting heat 
into the injection water, become once more 
water of the same temperature as before; 
then the difference between the heat ab- 
sorbed in the boiler and rejected in the 
condenser by that pound of water, is equal 
to the effective work done by the engine 
per pound of steam. ; 

This is a primary axiom of the mechani- 
cal theory of heat, evidently true on the 
supposition of the convertibility of heat 
and work, because no other effect has 
been produced, except the external work, 
the substance being in the same state as 
before by hypothesis. Its application, how- 
ever, is easier when it is put in a different 
and somewhat more simple form. Let the 
substance change from a state A toa state 
B, and let Q, be the heat expended, U, the 
external work done during the change; 
let it now change back from B to A by a 
different set of changes, and let the heat 
rejected by the substance be Q,, and the 
work done upon it by external bodies be 
U,, then, by what has been stated above, 

Qi:-Q:= U,-U, 
but Q, and U, are exactly the heat which 
would have been expended, and the work 
which would have been done if the sub- 
stance had changed from A to B by the 
second route reversed; hence, writing the 
equation in the form 

Q, -U:=Q,.-—U, 
we see that the principle may be put in the 
form— 

If, from the whole heat requisite to produce 
a given change of state, the equivalent of the 
external work be subtracted, then the remain- 
der 1s always the same in whatsoever way the 
change is produced. 

This form of the principle is in Rankine’s 
work (see p. 304) deduced as a corollary 
from a different proposition, but it appears 
to be a necessary conclusion from the or- 
iginal form of the principle (at least when- 
ever some way exists of passing from the 
state A to the state B, which is capable of 
being reversed), and it is, in fact, so as- 
sumed explicitly oc implicitly by other 
writers. Indeed, it may not be questioned 
whether this form of the principle has not 
as much claim to be considered uxiomatic 
as the other. 


To take an example: Water at a tem- 
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perature of 32 deg. requires about 904,000 
foot pounds of heat to raise its tempera- 
ture to 293 deg. F and to evaporate it at 
that temperature, which corresponds to a 
pressure of 60.4 Ibs. per sq. in., or about 
8,700 ibs. per sq. ft. Its volume is then 
very nearly 7 cubic feet, and the external 
work done very approximately 60,900 foot 
Ibs. Subtracting this from 904,000 foot tbs. 
we get as a remainder 843,100 foot Ibs. But 
now let us suppose that we produce our 
steam without doing external work. This 
may be very easily done; we have only to 
place our pound of water at 32 deg. in a 
close vessel, the capacity of which is 7 cubic 
ft., and apply heat till all the water is evap- 


orated; we shall then have a pound of satu- | | 


rated steam at the temperature of 293 deg. 
F. as before, but we shall have done no 
external work, and the heat expended is 
therefore no longer 904,000 foot lbs., but 
843,100 foot lbs. 

We have, in fact, in the second case 
produced the steam and the steam only, 
while in the first case we have not only 
produced the steam, but we have also 
produced 60,900 foot Ibs. of mechanical 
work, and the whole heat expended is 
separable into the two parts necessary to 
produce each effect separately. 

So it is in the most general case; we 
must always separate the external and 
visible work done on external bodies from 
the internal and invisible work done in 
changing the state of the body. The sec- 
ond part, which we shall call the internal 
work, is always the same, however the 
change is produced.* 

In some important cases the body is in 
motion, and in this case, in applying the 
principle, any change of kinetic energy 
must be taken intoaccount. (Comp. Art. 
36.) 

The authorities on thermo-dynamics 
do not place the principle considered in 
this article in the same rank as the prin- 
ciple of the convertibility of heat and 





* The expression ‘‘internal work” has been bitherto more 
often used in a different sense ; the remainder spoken of in the 
enunciation is separated into two parts, one of which is de- 
ascribed as the heat necessary to produce change of tempera- 
ture, and the other as the heat necessary to produce change of 
molecular position, for which second part the term “ internal 
work"’ has been appropriated, (See, for instance, Tait’s 
“‘Thermo-dynamics,’’ Art. 46.) But this distinction does not 
“ppear to us a useful one, at least at the outset of the subject; 
the student is thereby compelled to form some hypothesis as 
to the constitution of matter, whereas “ internal work,’* as de- 
fined in the text, is evidently capable of exact definition with- 
out any hypothesis at all. We have, therefore, followed Zeu- 
ner in his use of the word without entering (as Zeuner does) 
on the above distinction. 


| work, which is the first principle of the 





mechanical theory of heat, and the “sec- 
ond principle,” which we shall have tocon- 
sider hereafter. The reason of this appa- 
rently is, that it partakes rather of the 
nature of an axiom than of an experimen- 
tallaw. It is nevertheless admitted by 
all writers, and the conception by Carnot 
of a cycle of operations was the first step 
to a true theory of heat engines. 

7. If we separate, in the manner just 
explained, the latent heat of evaporation 
of water into two parts, the internal work 
and the external work, and if we assume 
for the external work the formula given 
in 5, namely : 

External work = 15,450+846 t—h 
we shall obtain a very simple formula for 
the internal work, for evidently 

Internal work = Latent heat—external work 

= Latent heat +h —15,450—8461 
= H-15,450—846 t. 

This internal work may also be called 
the internal latent heat of evaporation, 
and, if the term latent heat had been 
invented after the discovery of the me- 
chanical theory of heat, might very prob- 
ably have been called simply the latent 
heat. If we denote it by ¢, then replacing 
H by its value, 


p= 819,850--611 ¢ (foot pounds) 
= 1,062—.79¢ (thermal units). 


PRESSURE EQUIVALENT TO THE EXPENDITURE OF 
HEAT—-ENGINE WORKING WITH DRY SATURA- 
TED STEAM. 


8. If A be the area of a piston, « the 
space through which it moves, and p the 
pressure upon it, then p A « is the work 
done. Let now A «—1, that is, let the 
piston sweep through 1 cubic foot, then 
the work is simply p, the pressure sup- 
posed expressed in lbs. per sq. ft. Thus 
the pressure on a piston in lbs. per sq. ft. 
may also be considered as the work done 
per cubic foot swept through by the pis- 
ton. But we can easily fiud the heat ex- 
pended by an engine per cubic foot swept 
through by the piston, and when ex- 
pressed in foot pounds, it follows that it 
may be regarded as a “pressure equiva- 
lent to the expenditure of heat,” and by 
division by 144, it may be expressed in 
Ibs. per sq. in. 

This mode of expressing the expendi- 
ture of heat in an engine, was introduced 
by Rankine, and is far more convenient 
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than any other; for once knowing the 
pressure equivalent to the expenditure of 
heat, we obtain the actual expenditure of 
heat in exactly the same way as we obtain 
the power of the engine from the mean 
effective pressure ; and, for this reason, 
the foot pound is a more convenient unit 
of measurement in the theory of the 
steam engine than the thermal unit. 

In a non-expansive engine, working 
with dry saturated steam, the pressure 
equivalent to the expenditure of heat is 
easily found as follows : 

Let H be the total heat of evaporation 
of water from the temperature of the feed- 
water a/ the temperature of the boiler, v, 
be the specific volume of the boiler steam, 
then H, is the heat expended for every 


pound of steam, and consequently = for 


i 
every cubic foot of steam admitted into 
the cylinder ; but for every cubic foot of 
steam admitted, the piston sweeps through 
one cubic foot, hence it follows that 
where p, is the pressure required. 


p= a (Ibs. per sq. ft.) 
1 


9. If from the heat expended in an en- 
gine we subtract the work done, we get 
the heat rejected, and hence if p, be the 
pressure equivalent to the heat rejected, 


H 
Pr =Pa —(D1— Ps) = _ (Pp: —Ps) 


in the case of the non-expansive engine, 
ps; being supposed the back pressure. 

10. Let us now take the case of an ex- 
pansive engine working with dry saturated 
steam, and find the pressure (p,) equiva- 
lent to the expenditure of heat. This may 
be done in two ways, both involving es- 
sentially the same principle. 

First Method.—Let the pressure be at 
admission p,, atthe end of the expansion p, 
and let the corresponding specific volumes 
be v, v, ; then at the end of the stroke we 
have by hypothesis a cylinder full of dry 
saturated steam of the pressure p,, which 
at exhaust rushes into the condenser (or 
atmosphere), and is there condensed. Let 
us now imagine a non-expansive engine 
working at pressure p,, with the same back 
pressure p,; at the end of its stroke we 
shall have a cylinder full of dry saturated 
steam, which at exhaust will rush into the 
condenser (or atmosphere), and there be 
condensed. And since the circumstances of 
the condensation are the same, the heat re- 


jected will be the same in the two cases, 
that is, 


} 


H 
| Pr= —* —(Ps—Ps) 
| Vy 


| where H, is the total heat of evaporation 
|from the temperature of the feed-water at 
the temperature corresponding to p,, the 
| final pressure. 

Let now p, —p, be the mean effective 
pressure, then the work done by the en- 
gine for every cubic foot swept through by 
the piston is p,,—p, and hence, since 

Heat expended = heat rejected +- work 
done. 


H 
Pa =p, +-Pa—Ps = = + Pm — Pas 


Second Method.—But we can also reason 
thus : 

Each pound of the steam at the end of 
the stroke is dry saturated steam of pres- 
sure p. However that steam is produced, 
we must always have 

Heat expended—Internal work-+-Exter- 
nal work, 
of which two terms the Internal work is 
always the same, while the External work 
is the energy exerted by the steam on ex- 
ternal bodies during its formation. Now 
if that steam be formed by the ordinary 
process of evaporation at constant pres- 
sure p,, then the heat expended will be 
H, the total heat of evaporation from the 
temperature of the feed-water a the tem- 
perature of evaporation, and we have, 
therefore, for every pound of steam, 


Internal work = H,—p, v, 


but the steam is actually formed by a 
complex series of changes, such that, in- 
stead of overcoming the uniform pressure 
P» it presses on the piston with mean pres- 
Pm, and exerts on that piston for every 
poundof steam the energy p,, vx 


.*. Heat expended = H, —pz vg + pms (per lb.) 


and the heat per cubic foot swept through 
by the piston is given by 


p= > + pm — pz (a8 before). 


The reader shonld notice that the ener- 
gy exerted by each pound of steam, name- 
ly Pav, may be separated into two parts, 
of which one (p,, p;)v, is employed in over- 
coming external resistance, and the other 
Ps V, is expended in work done upon the 
condensing steam, and reappears in the 
form of heat in the condenser. 

11. The engine being supposed working 
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with dry saturated steam, the equation to 
the expansion curve is pv }44—constant, 
from which, if the ratio of expansion be 
given, the final pressure p,, and the mean 
_— pressure p, are readily determin- 
ed. 

It will not, however, be possible that the 
steam should be dry and saturated during 
the expansion, unless heat be supplied by 
means of a steam or hot-air jacket while 
the expansion is going on. For suppose 
the boiler to supply dry saturated steam, 
then the heat required to produce it will 
be represented by 
1 


ry = 
P vs 


for H,, the total heat of evaporation from 
the temperature of the feed-water at the 
temperature of the boiler, is the heat ex- 
pended in the boiler per lb. of steam, and 


therefore —~ is the heat expended in the 


boiler per cubic foot swept through by the 
piston, or p', is the pressure equivalent to 
the heat expended in the boiler. But p, 
is greater than p',, for 
H 
o * +pm —Ps 
-%3 

'H, -H, 

“. Ph -pr=— ——+Pm—Pz 


v 


Pa = 


235 (t, te) 
ahe-h-——— 

2 
and it will be found on trial that the ex- 
pression on the right hand side is always 
positive. Evidently p,—p', represents an 
amount of heat which must be supplied to 
the steam elsewhere than in the boiler, 
and if this be not done, the steam cannot 
be dry at the end of the stroke, but con- 
densation must take place. 

When a steam or hot-air jacket exists, 
moist steam absorbs heat with great rap- 
idity from the hot sides of the cylinder, 
and experience appears to show thatthe 
steam is really prevented from condensing 
in this way. On the other hand, when 
the steam is once dry it absorbs heat very 
much more slowly, and there is conse- 
quently good foundation for the supposi- 
sion that, when the cylinder is jacketed, 
the steam is dry and saturated during the 
expansion. But when the cylinder is not 
jacketed and the steam is not super- 

eated before it enters the cylinder, then 
condensation necessarily takes place, even 
though the cylinder be so well clothed 


that there is no sensible radiation from its 
external surface. 

The heat produced by friction of the 
cylinder no doubt modifies this statement 
to a certain extent. The amount of pis- 
ton friction is variable and uncertain, but 
we suppose it much overestimated in 
normal circumstances, if we take it as 1 
Ib. per sq. in.; this 1 lb. per sq. in. dimin- 
ishes the pressure equivalent to the ex- 
penditure of heat by the same amount, but 
such diminution is not sufficiently sensible 
to reduce the condensation. 

Nevertheless the reader must bear in 
mind that this conclusion is based solely 
on numerical calculations from the formu- 
la just given, and if a different fluid than 
water were used might not be true. For 
example, in the case of ether, it is believed 
that super-heating, and not condensation, 
would take place. 

12. The formula just now given for the 
pressure equivalent to the expenditure of 
heat 





H 
pa = —*-+ pm —Ps 
2 


is true whether or not the steam is dry and 

saturated at other times, provided only 
| that it is so at the end of the stroke. With 
| this restriction the treatment of the steam 
| may be anything we please ; it may con- 
' tain suspended water, or it may be super- 
| heated, the formula will still be true. The 
value of p;, of course will be different in 
each case, but when p,, is known from an 
indicator diagram or otherwise, p, can al- 
ways be determined, We shall consider 
this further hereafter. 

13. By use of the formula given in 5 
for pu 
pv = 15,450 + 846¢ —h 

we can put the formula for p, in a form in 
which the calculations from it are very 
simple. For 


r= Sey Pm —Pe 
‘2 
Hy ) 
= Pn : 
P +p.(—- Ue 
Now let ¢, be the temperature of the feed- 
water, then 
H,= 772 (1082+ .305 t,) —772 (t, —32) 
Also, since ¢, is never a high temperature, 


we may put very approximately 
h=T72 (ty —32). 





Therefore we have 
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Prt,  15,450+846t, 


nu” ww ~*-™ 


=52+ .096.t,. 
H, 1,114+.3t,—t,. 


eee 1,062 + .21 t, --t, 
7+ PA=P= ~S3+- 096 ty 
The formule.given by Rankine are 
Pra =pPm+15 pe (for condensing engines) 
Pr» =Pm+14 p, (for non-condensing engines) 


agreeing well with the results of the fore- 
going mere general formula. These for- 
mule are very simple and convenient in 
calculation, as p,, and p, do not require to 
be expressed in pounds per square foot, 
as they must be in the orginal form of 
the formula. 

It is, however, necessary to know p, 
with great accuracy, any error being 
multiplied by 15 or thereabouts produces 
an error in p, some 15 times as great as 
an equal error in p,,. 


THERMO-MECHANICAL PROPERTIES OF THE PER- 
MANENT GASES. 


14. If » v p'v' be the pressure and 
specific volume of air at two temperatures 


i’, measured by Fahrenheit’s scale on the 
air thermometer, it is known that very 
approximately 

pr 451+t * 

pio 46i+0! 

It is likewise known that this relation 
is very approximately true of all other 
permanent gases, that is, gases which 
have not yet been liquefied by applica- 
tion of cold and pressure; while, on the 
other hand, it is less approximately true 
of gases which are capable of liquefaction, 
such as carbonic acid. Thus, it is easy 
to conceive an ideal gas for which this re- 
lation is mathematically correct, which 
ideal gas may be considered as a perfect 
gas, just as from the properties of water 
we conceive a perfect fluid, although, in 
fact, no such thing actually exists. 

The above equation represents, then,-a 
relation always existing between the 
pressure volume and temperature of a 
perfect gas. It may be written in the 
form 


v! 


p' 
pv =i + ii (461+12) 





* The numbers given may probably require slight alter- 
ations not exceeding 1-200th part, but the certainty and im- 


portance of the alterations are not sufficient to render it ne- | 


cessary to depart from the values az given by Rankine. 


or 
pv=cT . 
where cis a constant which for air has 
the value 53.15, and T isthe temperature 
measured by Fahrenheit’s scale on a per- 
fect gas thermometer, from a zero 461 
deg. below the zero of Fahrenheit’s scale, 
or 493 deg. below the freezing point of 
water. Evidently the value of c will be 
proportional to the density of the gas at 
some given pressure and temperature. 
Again, if air be heated at constant pres- 
sure through 1 deg. F. measured on the 
air thermometer, it is found that the 
quantity of heat absorbed by each pound 
of the air is very approximately .2375 
| thermal units, or 183.35 ft. bls., whatever 
| be the pressure or temperature of the gas; 
in other words, its specific heat at con- 
stant pressure when measured in foot 
pounds is always 183.35. So also it is 
found that the specific heats at constant 
pressure of the other permanent gases 
are always the same, and are, moreover, 
proportional to their densities, that is, 
proportional to ¢ very approximately. 
We are thus led to conclude that these 
laws are characteristic of the perfectly 
gaseous state. 
Lastly, it is known that the same laws 
hold good with respect to the specific heat 
at constant volume of air, and that the 
ratio of the specific heat at constant pres- 
sure to the specific heat at constant vo- 
lume is 1.408, so that the actual value of 
the specific heat at constant volume is 


183.35 , 
— It is true that at present 





~ oe 
Lae = 130.2. 


the difficulties of experimenting directly 
on the specific heat at constant volume 
of gases have not been overcome, and that 
the experiments on the ratio of specific 
heats give discordant results; but for our 
present purpose there seems no impro- 
priety in assuming the known result, as 
it will be seen presently we have two inde- 
pendent means of testing the truth of the 
supposition. 

We now observe that the difference of 
the two specific heats of air is 53.15, that 
is, it is equal to c; further, as just stated, 
the specific heat at constant pressure of 
all permanent gases is proportional to c. 
We are hence led to the conclusion that, 
if K, K, be the specific heats (expressed 
in foot pounds) of a perfect gas at con- 








+ By absolute temperature we mean at present simply tem- 
perature measured in this way, 
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stant pressure and constant volume re- 
spectively, we must always have 

K, —K, =e 
as a mathematically exact relation satis- 
fied very approximately by the actual 
permanent gases. 

15. We can now obtain a very impor- 
tant result, namely, that the heat expend- 
ed in internal work, when any change 
of state is prod«ced in a perfect gas, is 
simply K, (¢,—¢,) where ¢, ¢, are the tem- 
peratures at the beginning and end of 
the change. 

For let p, v, p, v, be the corresponding 
pressures and volumes of the yas: and let 
us by application of heat change the 
volume of our gas from v, tv v,, the pres- 
sure remaining constantly p,, then by de- 
finition 

Heat expended = K ({-t,) 
where ¢ is the new temperature. 


External work done = p, (v, —v 2) 

e (t—l,) 

.* Internal work = (Ky —c) (i—?, 
= K, (t—l,. 


Also 


Next let the pressure be changed from 


p.to p, at the constant volume v, attained 
by the first operation; then by definition, 


Heat expended — K, (/, —?) 


and in this case no external work is done, 
and 
. Internal work = K, (/, —/) 


Add together the two values of the inter- 
nal work, and we get K, (é,-/,)as the in- 
ternal work done in changing from the or- 
iginal state to the final state. 

But this internal work, by the principle 
of Art. 6,is the same in every case, hence 
the proposition is true. 

Let us now test the truth of this re- 
sult by the following experiment :— 

Air is contained in a vessel which com- 
municates by a pipe furnished with a 
stop-cock with another vessel, in which a 
very perfect vacuum exists, or else which 
contains air of exactly the same tempera- 
ture but of a different pressure. The stop- 
cock being opened, air rushes from one 
vessel to another; after a time the motion 
ceases, and the temperature is found to be 
very slightly altered. 

This experimental result confirms the 
truth of what has been stated, for in pass- 
ing from one vessel to the other no heat is 
expended on the air, and no external work 


is done, therefore the change of internal 
work must be zero; that is, if our proposi- 
tion is true, the temperature is unaltered. 

When non-permanent gases are exper- 
imented on, the temperature is found to 
be sensibly changed. 

In our mode of statement this experi- 
mental result is the first. confirmation of 
the value assumed for the specific heat of 
air, at constant volume. Indeed, it is pos- 
sible hence to prove, by reasoning analo- 
gous to that given above, that the specific 
heat, at constant volume of air, must have 
the value assumed by us and no other. 

16. We can now find the heat expended ~ 
_ producing any change in a pound of air, 

or 


Heat expended=internal work-+ external work 
=K, (¢, — ¢) + external work 


=K, . Pit Pe Yt + external work 
c 
which is the general equation of the action 


of heat in a perfect gas. We may represent 
this geometrically thus: Drawing a dia- 





y, 
pa 


i 


Ni 











| 
| 





0 N2 x 

| gram in which as usual ordinates represent 
pressures and abscisse represent volumes; 
let P, N,, O N, be the initial pressure and 
volume, P, N,, O N, the final pressure and 
volume. Then the area P, P, N, N, repre- 
sents the work done by the expansion of 
the gas, where P, P, the expansion curve 
is perfectly arbitrary, and may be anything 
we please, if heat be applied according to 
a proper law. The actual expenditure of 
heat is geometrically represented by 


** (rectangle P,N,.ON, —rectangle P, N, .ON,) 
+ area P, P, N, N, 

There are two important cases— 

First, let the expansion take place at 
constant temperature, we then have 

Heat expended = Area P, N, Ny P;; 

but the expansion curve is then a common 
hyperbola, the asymptotes of which are O 
X OY. Then, the area 
ON 
P, N, N. P, =P,N;.ON, log Oo N, 
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the 1 logarithm tan candid 
». Heat expended = ans, v, .logr 
cT logr 
where r is the ratio of expansion and T is | 
the absolute temperature. 


Secondly, let the gas expand in a non- | 


conducting non-radiating cylinder; that 
is, let it expand without gain or loss of 
heat, then the expansion curve is a curve 
called the adiabatic curve, the form of 
which we require to find. ‘Evidently we | 
have 


K — 
= (Pa Ue—p, 01)=Area P, N, Ny P, 


By the aid of the differential calculus, we | 


easily find that the curve possessing this 
geometrical property, is given by the 
equation 

pv y = constant 


This, then, is the equa- 


K 
where y = ae 


tion of the adiabatic curve. 
An interesting result has been arrived 


at by Zeuner, of which this is a particular | 
case ; it is easy to show that, if the pres- | 
sure and volume change in such a way | 


that the specific heat is a constant quan- 
tity x, then they must satisfy the equa-| 
tion 

pv" = constant. 


K-K . : ‘ 
where n == <5. : the adiabatic curve is 
the special case in which K = o. 

From the form of the adiabatic curve is 
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‘at constant volume assumed in 14; for it 
can be shown that very approximately the 
| velocity of sound in a gas, when the adia- 
| batic curve is of this form, must be 


Vaoyet. 
(Compare Rankine’s Art. 252.) 
When a gas expands without gain or 
\loss of heat, its temperature falls. For 
| suppose it expands from v, to v,, and let 
|its pressure and temperature then be p,, 
|'T, and p,, T,, then we have 


Pp, U, =CT, 3 pe Ve — CTs; PD, v,=py ve’. 


al 
~eT, v,7 


=cT, ty 
“GQ 


| where r is the ratio of expansion, a result 
which shows that the temperature falls, 
and enables us to find by how much it has 
fallen. 


y—l 


. 
THEORY OF A HEAT ENGINE WORKING WITH A 
PERFECT GAS—CONDITIONS OF MAXIMUM EF- 
FICIENCY. 


17. The simplest kind of heat engine is 





| constructed as follows : 


A B is a working cylinder containing a 

| given quantity, say 1 ‘lb, of a perfect gas 
ialways included between the cylinder 
| cover A A' and a piston, successive posi- 
tions of which are represented in the fig- 
| ure by 11, 22, 33, 44, and which may be 
| supposed connected in the usual way with 


obtained a second experimental confirma-| a crank, corresponding positions of which 
tion of the properties of the specific heat! are O, O, O,O,. The right hand portion 





























of the cylinder between the cover B B'| amounts of heat to any body placed in 

and the piston is empty. 'contact with them and of temperatures 
A and B are two bodies capable of com- | (absolute) T, and T, respectively. 

municating or abstracting indefinite; Suppose the crank moving in the direc- 
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tion of the arrow, and initially let it be in 
the position O,, and let the pressure vol- 
ume and temperature of the gas be then 
Pp, v, T, respectively. Then, as the crank 
moves on, the volume of the gas increases, 
and if no heat were applied to it the tem- 
perature would fall; but this is prevent- 
ed by placing the body A in contact with 
the cylinder, which is to be supposed a 
perfect conductor, so that the slightest 
depression of the temperature of the gas 
below T,, causes heat to flow from A into 
the gas, and thus the temperature of the 
gas is maintained constantly at T,. Dur- 
ing this first operation, then, the gas ex- 
pands at constant temperature, and the 
expansion curve 1, 2 in the indicator dia- 
gram above, is a common hyperbola. 

The expansion having reached some 
convenient point 2, the body A is to be re- 
moved from the cylinder,so that no more 
heat is received by the gas; its temperature 
then falls, instead of remaining constant, 
and the expansion curve 2, 3 on the indi- 
cator diagram above, is now an adiabatic 
curve given by pvy—constant. This goes 


until the piston has reached the end of 


its stroke and begins to return to com- 
press the air again, and raise its tempera- 
ture according to the same law by which 
it fell during the expansion. But this 
rise of temperature is prevented by the 
application of the body B, the temperature 
of which is T,, the temperature of the gas 
at the end of the stroke, and which ab- 
stracts heat from the gas the instant its 
temperature rises above T;,. 

Thus the gas is compressed at constant 
temperature T,, and the compression 
curve 3, 4 on the indicator diagram given 
on preceding page, is a common hyper- 
bola. 

This compression goes on till the piston 
reaches a point 4, the position of which 
will presently be determined when the 
body Bis removed and the temperature 
of the gas allowed to rise. The gas is 
then compressed without gain or loss of 
heat, so that the compression curve 4, 1 
on the indicator diagram given on the 
preceding page, is an adiabatic curve. If 
now the point 4 has been properly taken, 
the temperature of the gas at the end of 
the stroke will be T,, and the gas having 
returned exactly to its initial state, the 
process may be repeated as many times as 
we please. 

The required point 4 is easily found 





thus: let p, v, p, Uv; p, v, be the pressure 
and volume at the points 2, 3, 4, then since 
1, 2, and 3, 4 are common hyperbolas 


rr al ena 22. ~* 
P2 vi Ps ty 


and since 2, 3, and 4, 1 are adiabatic 


curves 
Ps ( sy ae -(=) 
Ps ~ \ ve Pi \ We 
Hence multiplying all four equations to- 
gether. 


” 


” Us 
U, Us =U, Uy OF = =s, 
or—the ratio of expanswn during the recep- 
tion of heat must be equal to the ratio of com- 
pression during the rejection of heal, or since 
we equally have 


Us, 4 
— = - 


Us Vv; 
—the ratio of adiabatic expansion must be 
equal to the ratio of adiabatic compression. 
It is easily seen that each of these last 


Sy ee 
ratios must be equal to (q)¥-1, which 


determines their value when the tempera- 
tures T, T, of the bodies A and B are sup- 
posed given. 

Let us now examine how much work 
is done by this engine, and at what ex- 
penditure of heat. 

During the operation 1, 2 the gas is re- 
ceiving heat from A, and the quantity of 
heat it receives according to the last arti- 
cle is 

Q=cT, logr 

where r is the ratio of expansion. During 
the operation 2, 3 which completes the 
forward stroke, the gas receives no heat, 
therefore Q is the heat expended in the 
forward stroke. At the same time the 
energy exerted on the piston by the gas 
is represented by the area 1, 2, 3, n' n. 

In the backward stroke the gas rejects 
the heat into B, and the heat so rejected is 


R=cT, logr 


At the same time the piston compresses 
the gas and does work upon it represent- 
ed by the area 1, 4, 3 n'n; the engine, in 
fact, is single-acting and a fly-wheel will 
be required to carry it through the whole 
backward stroke. 

The difference between these areas, 
namely, the area of the indicator diagram 
1, 2, 3, 4, represents as usual the work 
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done by the engine. We might calculate 
this area, but it is simpler to apply the 
principle of the cycle of operations, for 
since the gas returns exactly to its origi- 
nal pressure, volume, and temperature, we 
must have 


Work done = Q — R=c (TI, —T;) logr. 
The efficiency is now found from the 
consideration that the heat expended is Q, 
Work done T,-T; 


aia sii T; 


18. The simple heat engine just consid- 
ered may be arranged to work in an in- 
definite number of other ways, one of 
— will now be considered as an exam- 
ple. 

Let us suppose that the body A remains 
in contact with the cylinder throughout 
the forward stroke, and the body B 
throughout the backward stroke, the indi- 
cator diagram will now be as shown in 
the figure. 12isan hyperbola as before, 
but now extends through the whole for- 
ward stroke, and 3 4 is also an hyperbola 
as before, but extending through the whole 


wateney Heat expended 





* 
backward stroke ; but 1, 4, 2, and 3, are 
vertical straight lines representing the 
sudden rise of pressure on contact with 
the body A, and fall of pressure on con- 
tact with the body B, at the commence- 
ment of the forward and backward strokes 
respectively. 

To find the efficiency of this arrange- 
ment we have, as before 
Q=c T, log r =heat expended in forward stroke 
R= cT, log r= heat rejected in backward stroke 
and, as shown in 16, these quantities are 
also the works done upon the piston by 
the gas in the forward stroke, and upon 
the gas hy the piston in the backward 
stroke, 

-*. Work done by engine = c (T, —T3) log. ras 
before. 

but the whole heat taken away from A, 
that is, the whole heat expended, is now 





no longer Q, because at the commence- 
ment of the stroke a quantity of heat K, 
(T,—T,) has to be expended in raising the 
temperature ofthe gas from T, to T,, and 
we consequently have 
Heat expended = Q + K, (T, —T;) 

=cT, logr+K, (1, —-T;) 

e(T,—T;) log r 
eT, logr + K, (T,—T5) 
T,-T; 1 
= 


Efficiency = 








Ky 
clogr 


T, rm yy 
1+ —— 

Thus we see that the efficiency of this 
arrangement is less than that of the other, 
and we likewise see why it is so, namely, 
because at certain points in the process 
the gashas its temperature raised and 
lowered by contact with the bodies A and 
B, that is, that it receives and rejects heat at 
temperatures sensibly different from the tem- 
peratures of A and B. 

There are two conceivable ways of 
avoiding this loss of efficiency: the first 
is by storing up the heat rejected during 
the cooling represented by 2, 3, and em- 
ploying it to produce the rise of tempera- 
ture represented by 4,1. This has been 
done in actual air engines by the con- 
trivance called the regenerator. (See 
Rankine, Art 268.) The second is by in- 
serting an auxiliary heat engine receiving 
heat from the hot gas of the original heat 
engine after it has finished its work in 
that engine; the work of this auxiliary 
engine will be so much additional work 
done without any additional expenditure 
of heat. 

19. We shall now show that by no 
possible arrangement, with or without 
the additions just now mentioned, can we 
obtain an efficiency greater than that 
obtained by the original arrangement. 
We might do this by examining each par- 
ticular case, but we prefer to reason more 
generally, as’ follows:— 

Returning to the figure of Art. 17, and 
suppossing initially the crank in the posi- 
tion O,, let the engine turn in the oppo- 
site direction to that indicated by the ar- 
row, neither A nor B being in contact, 
the gas will expand without gain or loss of 
heat, and the adiabatic curve 1, 4 will be 
described on the diagram. As soon as 4 
is reached, let the body B be applied to 
prevent the temperature falling below T,: 
heat is continually abstracted from B, 
the hyperbola 4, 3 is described on the dia- 
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gram. Now removing the body A, the 
piston returns, and the adiabatic curve 3, 
2 is described; and, finally applying A to 
prevent the temperature rising above T,, 
the hyperbola 2,1 is described, heat all 
the while passing from the gas into A. 

The whole process is now exactly the 
reverse of what it was; a heat R is ab- 
stracted from B, and a heat Q passes into 
A, while, instead of the engine doing 
work on external bodies, some force must 
be applied to the crank, which in each 
revolution will do the work Q—R. And 

‘ thus, instead of heat passing from A to B, 
and during its passage a part of it being 
converted into mechanical energy, we have 
conversely, by application of mechanical 
energy, heat passing from B to A, and 
during its passage mechanical energy con- 
verted into heat. In short, the process is 
reversible. 

Let us now imagine any other arrange- 
ment of this heat engine with or without 
the additions alluded to just now, and let 
heat expended be Q, the heat rejected R, 
and let Q,—R,—Q—R, that is, let the work 
done by this engine be equal to the work 
done by an engine of the original arrange- 
ment: and let us further suppose that this 
engine is employed to work the original 
engine backwards, a thing which we have 
just shown to be possible. 

Now the efficiency of the one engine is 


Qi-B: ond of the other °~* ; hence, if 


1 

the first be greater than the second we 
must have Q, less than Q. This, however, 
is impossible, for the one engine takes 
away a heat Q, from A, and adds a heat 
R, to B, while the other engine takes 
away a heat R from B, and adds a heat 
Q to A; the combined action of the two 
then takes away Q,—Q from A, and adds 
an equal quantity R,—R to B. Thus, if 
Q, be less than Q, heat passes from B to 
A, and this effect is produced without 
any expenditure of work, for the com- 
bined engines require no power to work 
them. But this is absurd, for we may 
take it as an axiom that—Heat cannot be 
made to pass from a cold body to a hot one 
without the expenditure of mechanical 
energy.* 

It will now be asked why we cannot 
work this combined engine in a reverse 
direction and thus show that the efficien- 





*Some writers prefer. a different form of this axiom.(See 
Tait’s ‘‘ Thermo-Dymamics,”’ Art, 53. 





cy of all possible arrangements must be 
the same. The answer to this question 
is, that it is the original arrangement only 
which admits of being reversed, for in 
all the other arrangements heat passes 
from the bodies to the gas, or reversely, 
at temperatures differing sensibly from 
that of the bodies themselves, and this is 
@ process which is incapable of being re- 
versed. 

For example, suppose the arrangement 
of Art. 18 worked backwards, instead of 
the heat c T, log r+ K, (T, — T,) being 
taken away from B, and the heat c T, log 
r-+K, (T,—T;) being added to A, as 
would be the case if the process were ex- 
actly reversible, it will be found that the 
heat taken away from B willbe cT, logr 
—K, (T,—T), and the heat added to A 
will be c T, log r—K, (T,—T,) ; thus, the 
process not being reversible, the reason- 
ing fails. 

Since, then, no arrangement, even with 
the addition of a regenerator or auxiliary 
heat engine, can have a greater efficiency 
than the original, it follows that without 
these additions the efficiency must be 
less, and we finally arrive at the following 
important conclusions with respect to this 
kind of engine : 

First.—The maximum efficiency is 
T1—Ts where T, T are the absolute tem- 


y 


1 
peratures of the bodies A and B. 

Secondly.—The conditions of maximum 
efficiency of the simple engine are, that 
the gas shall receive heat at the constant 
temperature of the body A, and shall re- 
ject heat at the constant temperature of 
the body B. Or, to express the same 
thing differently, that the process should 
be reversible. 

The reader who has followed us so far, 
will now, without much difficulty, be able 
to proceed further, and to perceive that 
our reasoning is of much wider applica- 
tion; while, on the other hand, some 
help is obtained in comprehending what 
has gone before by the more general con- 
siderations to which we now proceed. 


SECOND PRINCIPLE OF THE MECHANICAL THEORY 
OF HEAT.—-ABSOLUTE TEMPERATURE. 


20. To produce mechanical power by 
means of heat, it is in the first place ne- 
cessary that we should have bodies of 
different temperatures, for it is evident 
that if all bodies were of the same tem- 
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perature, we could no more produce any 
change by means of heat than we could 
do work by the action of gravity if all 
bodies were on the same level. Mechan- 
ical energy, then, is produced from heat 
by the transfer of heat from a hot body 
to a cold one, and the power of turn- 
ing heat into work must depend in some 
manner on the difference of temperature 
between the hot body and the cold one. 
This alone, however, is not sufficient, 
for if heat simply pass from a body A to 
a body B, without the intervention of a 
third body, not only is no mechanical 
work done, but all the power of turning 
heat into work due to the difference of 
temperature of A and B is permanently 
lost, because the heat is now in the body 
B and cannot be made to pass back to A. 
If, however, we take a third body capa- 
ble of changing its volume by application 
of heat, and cause it to receive heat from 
the hot body and reject heat into the cold 
body, so that heat is transferred from the 
hot body to the cold one by its agency, 
we are then able by means of the changes 
of volume of this intermediate body to 
convert a portion of the heat into mechan- 
ical energy. It is, however, easy to see 
that only a portion can be so converted, 
for it will be found on reflection that re- 
jection of heat into a cold body is just as 
indispensable a part of the process as re- 
ception of heat from the hot body, and 
thus a part of the heat necessarily merely 
passes through the intermediate body 
without being converted into mechanical 
energy. Thus, in the steam engine, the 
hot body is the hot gas in the furnace, the 
cold body is the atmosphere or condenser, 
the intermediate body is water, and the 
condensation of the steam after it has 
done its work is just as necessary a con- 
dition that work should be done as the 
evaporation of the water in the boiler. 
Thus, for the production of mechanical 
energy from heat, we must have a hot 
body, by a cold body, and an intermediate 
body, by the agency of which heat is trans- 
ferred from the bot body to the cold one. 
And since the power of turning heat 
into work is wasted whenever heat passes 
from a hot body to a cold one without the 
agency of an intermediate body, it follows 
that the process of transformation will be 
most efficient when the intermediate body 
has the same temperature as the hot body 
when receiving heat, and the same temper- 





ature as the cold body when rejecting heat. 
Let us, for instance, suppose that the inter- 
mediate body rejects heat at a tempera- 
ture above that of the cold body, then evi- 
dently we can insert an auxiliary heat en- 
gine between the intermediate body and 
the cold body, by means of which a part 
of that rejected heat can be turned into 
mechanical energy, without abstracting 
any additional heat from the hot body. 
And again, if the intermediate body re- 
ceives heat from the hot body at a 
temperature less than that of the hot body, 
it may evidently be supposed to do so 
through the agency of an auxiliary heat 
engine, which receives heat from the hot 
body and rejects it into the intermediate 
body, the effect of which is to increase 
both the work done and the heat expend- 
ed by equal quantities, and thus to increase 
the efficiency of the process. 

Thus we see that the conditions of max- 
imum efficiency of all heat engines arethe 
same as those of the simple kind of engine 
considered in previous articles. 

And more than that, the value of the 
maximum efficiency must be the same, for 
it will be seen, on referring back to the 
last article, that the argument holds equal- 
ly good if the engine working forwards 
have the same or a different intermediate 
body from the engine which is working 
backwards. 

Thus the conclusions stated with refer- 
ence to the simple engine hold good with 
reference to any possible heat engine, and 
these general conclusions constitute the 
“second principle of the mechanical theo- 
ry of heat,” whieh may be otherwise briefly 
stated thus :— 

The efficiency of every reversible engine 


. T,-T , P 
is ,— and is greater than the efficiency 


of any other heat engine working between the 
same limits of temperature. 

21. Let us now imagine the temperature 
T, of the hot body, or source of heat, to 
be divided into n equal parts, and let us 
imagine a quantity of heat Q to flow from 
that body to a second body, the tempera- 


1 
ture of which is T, (2 - ~), then our 


results show, that a quantity = of mechan- 


ical work is capable of being produced, 
and that consequently, if such conversion 


a 
be effected, the quantity of heat eae Q 
q J = 
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will pass into the second body. Now 
imagine a third body, the temperature of 


which is TA -*) and let this heat pass 


from the second body to the third body ; 

then the heat capable of being turned 

into work is 
‘n—1 
a 


ar 


n 


1 
‘2G-T) 


that is I as before. This process may be 


continued indefinitely, and we thus see 
that—Jf the temperature of a source of heat 
be divided into any number of equal parts, 
then the effect of each of these parts in caus- 
ing work to be performed is the same. 

It is in this form that Rankine enunci- 
ates the “second principle,” and his view 
may be illustrated by the analogy which 
exists between the difference of level, 
which causes work to be performed by an 
hydraulic machine, and the difference of 
temperature which causes work to be per- 
formed by a heat engine. Each foot of 
fall in a water-wheel is equally effective in 
doing work by means of the water-wheel, 
and just so each degree of temperature 
passed through during the passage of heat 
from a hot body to a cold one is equally 
effective in causing work to be done by a 
heat engine working by means of this heat. 

The temperatures in question are, as 
our investigation shows, to be measured 
on the perfect gas thermometer, which is, 
therefore, entitled to be considered as a 


definite measure of temperature. Temper- 
ature, being by its nature incapable of di- 
rect measurement, we can only measure 
it by considering some physical effect 
which difference of temperature produces; 
thus the ordinary mode of measurement 
is, by observing the expansion which bo- 
dies undergo when their temperature is 
raised. This, however, is inconvenient 
for scientific purposes, since no two ther- 
mometers give exactly the same results ; 
for instance, the mercurial and air ther- 
mometers, if graduated to indicate cor- 
rectly the temperatures of melting ice and 
of water boiling under a given pressure, 
will be found to differ at intermediate 
temperatures. We must, therefore, con- 
sider some other physical effect due to 
differenve of temperature, and the only 
one known to be independent of the 
particular body operated on is the power 
of which we have just been speaking, which 
difference of temperature possesses of con- 
verting heat into work. If equal in- 
tervals of temperature be understood 
to mean equal capability of converting 
heat into work, we get a scale of tempera- 
ture which may, with propriety be called 
absolute, and which as our investigation 
shows, coincides with that of the per- 
fect gas thermometer, that is (sensibly) 
with the air thermometer; and the term 
“absolute,” already applied to tempera- 
ture measured in this way, is hereby justi- 
fied. 





(To be continued.) 





THE EUROPEAN MEASUREMENT OF A DEGREE. 


Translated Extract from “ Allgemeine Bauzeitung."’ 


The results obtained by the various 
measurements of a degree for the deter- 
mination of the form of the earth, differ 
very considerably. In the several cases 
in which the method of least square was 
employed, values were obtained for that 
elliptic spheroid to which the figure of 
the earth approximates very closely. In 
this way Bessel from the results of 16 
measurements found the oblateness, 

1 — 
0= ss jsay + 0.000039234 
the length of semi-major 

& = 3272077.14 toises ; 


that of the semi-minor 
= 3261139.33 toises; 


the length of the degree of the meridian 
at, the mean latitude ¢, 

| = 58013,109 —286,337 cos 2 6 + 0.611 cos 4¢ 

+ 0.001 cos 6 ¢ toises; 
the length of a degree of the parallel 
1, = 57156.285 cos ¢ — 47,825 cos 3 ¢ 4- 0.060 cos 
5 ¢ toises. 

| Airy has made calculations based on 
14 measurements and finds 


1 - 
0 = sop gg ) 7 = 3272119.6. 


b = 3261188.4. 
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These results differ little from those ob- 
tained by Bessel. - 

James's calculation of the length of the 
radius of the meridian circle at the lati- 
tude ¢ is interesting. Employing the 
formula 

r=A-+2Bcos2¢-+ 2C cos 44, 
and finding the values of A, B, and C, 
front the results of actual measurements, 
we have 

A = 3267074.2; 2 B = 16820.1;2 C = 244.3; 
while to the elliptic form of the meridian 
correspond the values 

A = 3266973.5; 2 B = —16681.8;2C = 35 5. 
+ The agreement in these results war- 
rants the,conclusion that the figure of the 
earth is that of an ellipsoid of rotation 
about its minor axis. 

After the completion of the measure- 
ment of the arc between Formentara and 
Dunkirk, France undertook and accom- 
plished the measurement of about 13 deg. 
between Ravenna and Padua. For a 
mean length at 45 deg. 43 min. 12 sec. 
longitude, the result was 77862.6 metres; 
a deviation of 192.95 metres from the ex- 
treme value. On this account another 
survey was undertaken from Brest through 
Strasburg and Paris to Munich. The 
results have not yet been published. An- 
other important survey was conducted 
by the Prussian General Miffling, which 
extended from the Observatory at Gotha, 
to Dunkirk. Two sections of this arc 
gave respectively an ellipticity of 

1 1 
3161 94 gis 3 
fi The most extended measurement was 
initiated by Struve. This extends from 
the east of Europe to the west of Ireland. 
It is nearly (1870) completed. The elec- 
tric telegraph has been employed in de- 
termining the differences of longitude. 





It is well known that the ellipticity of 
the earth has been determined by means 
of the pendulum ; whose period of oscilla- 
tion varies with the latitude and with the 
radius at the place of observation. The 
first experiments were made by Boguer; 


Mathieu 


1 
and the result was 0 —=——. 
35.0 


found 0 = _ on the French meridian; 
298.2 

while Sabine, from 25 observations be- 

tween—13 deg. and 80 deg. latitude, 


found 0 = a Freycinct calculated 0 


1 
~ 286.2 

The last European measurement of a 
degree will fill a gap in the former sur- 
veys; t. e., between the Paris-Berlin-Dor- 
pat meridians and between the longitudes 
of Palermo and Christiania. It will also 
contribute to the settlement of the ques- 
tion, whether the discrepancies in results 
are due to the irregular figure of the 
earth, or are to be accounted for by the 
deviation of the plumb-line. This devia- 
tion may be caused by the attraction of 
mountains, as was observed by Boguer in 
the Cordilleras, by Maskeleyne at Schehal- 
lien, by Maclear at the Cape of Good 
Hope, and by Carlini at Mount Cenis; or 
it may be due to different densities of the 
interior portions of the earth, as was 
assumed on the Italian plain ; or to geo- 
logic diversities, as was conjectured in the 
Russian survey. 

When the general figure of the earth 
has been determined, there still remain 
questions concerning local deviations, 
such as particular oblateness in different 
sections, different curvatures of the sea, 
etc. 


for the southern hemisphere. 


THE HENDERSON PROCESS. 


From “ Engineering ;” 


About eighteen months ago attention 
was directed in many quarters to a pro- 
cess of subjecting pig iron to the combined 
action of fluorides and oxides, and it was 


into cast steel of excellent quality, not- 
withstanding that the original cast iron, 
in respect of its phosphorus and other 
deteriorating ingredients, might have all 


asserted that by these means an exceed- | the evil repute that attaches to Cleveland 
ingly pure product could be obtained | and other inferior classes of iron. Not 
for use as wrought iron, or for conversion ' much more was heard of the process for 
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a time, but as it has been tried in this 
country, and on the Continent, within the 
past few months, and as we are in pos- 
session of some of the results of the ex- 
periments, we propose laying a brief 
statement regarding the process before 
our readers. From the title of this ar- 
ticle, many of our readers will, naturally 
enough, and quite corectly, conclude that 
the process in question is the fluorine or 
fluorspar process, devised and patented 
by Mr. James Henderson, of New York, a 
gentleman who has done much for the 
development and extension of the iron 
manufacture in America. 

Before coming to this country, Mr. Hen- 
derson had made many experimental in- 
vestigations in American iron works. One 
plan of carrying out the principle of Mr. 
Henderson’s patent is to use a mixture of 
finely-ground fluorspar and native oxide 
ofiron in the pig bed, so that the iron 
from the blast furnace may be cast in 
plates or slabs about an inch in thickness, 
the intense heat of the iron during the 
process being sufficient to decompose the 
fluoride of calcium and oxide ofiron, and 
thereby liberate fluorine and oxygen to 
act upon the silicon and phosphorus in 
their escape upwards into and through the 
liquid. We have lately seen this opera- 
tion put in practice at the Summerlee 
Iron Works, Coatbridge, but we have not 
yet learned what sort of bar iron the re- 
sulting cast iron has yielded, nor if it has 
even been operated upon. In other ex- 
periments of a similar sort, however, 
Cleveland pig iron so treated has yielded 
at Walker Iron Works, on the Tyne 
(Messrs. Losh, Wilson, and Bell’s), excel- 
lent bar iron, as indicated by the tests for 
tensile strength, made by Mr. David Kir- 
caldy and by the analyses made by com- 
petent analytical chemists. And the same 
kind of treatment applied to foundry iron, 
at the Almond Iron Works, near Falkirk, 
in Scotland, produced according to Mr. 
Binnie, of the Falkirk Iron Works “ very 
soft castings, and as solid as a bell.” 
Forge iron treated in this way in the pig 
bed requires no further “ physic,” to use 
the language of the workmen in the pud- 
dling furnace; and when forge iron is used 
in the refined condition obtained by the 
use of fluorspar, the heats from the pud- 
dling furnace are got out in an hour on the 
average, including the charging, melting, 
puddling, balling-up, and removing from 





the furnace. The Henderson refined 
metal is stated to contain, as a rule, no sili- 
con, owing doubtless to the extraordinary 
degree of affinity which fluorine has for 
that element—a degree of affinity which 
is familiar to every student of chemistry ; 
and in respect of silicon and phosphorus 
it is affirmed to be as pure as wrought 
iron. If such results can really be always 
insured in practice, of course a most mark- 
ed progress has been made towards per- 
fecting the manufacture of iron; but we 
cannot shut our eyes to the fact that 
similar results have been claimed to have 
been effected by other chemical processes 
previously tried, but which have ultimate- 
ly proved defective in practice. 

Mr. Henderson does not limit himself 
to the treatment in the pig bed, as al- 
ready briefly described; he also aims at 
effecting in the puddling furnace the com- 
plete process of purification, including 
decarbonization. Hitherto, however, he 
has used the puddling furnace alone, 
whereas that is the least economical meth- 
od of operating. The plan which he 
aims at carrying out is to have a cupola 
furnace in which the pig iron is melted, 
and then run into one or more ofa set of 
puddling furnaces surrounding it, and on 
the bed of each, of which the required 
quantity of fluorspar “physic” has pre- 
viously been spread. It should be men- 
tioned that, in addition to fluorspar, the 
patentee uses in the mixture he employs 
pure rich iron ores, ilmenite or titanifer- 
ous ironestone, clay, and carbonate of 
manganese in varying quantities. 

The most elaborate series of trials 
made by Mr. Henderson are those which 
have just been concluded at Blochairn 
Iron Works, Glasgow. They extended, 
with one or two interruptions, over several 
months. Almost all brands of Scotch pig 
iron were operated upon, as also several 
brands of Cleveland iron. Many of the 
specimens obtained are now in the hands 
of eminent chemical analysts and Mr. 
Kirkaldy, and therefore we are precluded 
from saying anything regarding their 
chemical purity or mechanical properties; 
but the products have received a high 
character from many skilled practical 
men who have examined them. The pro- 
cess has also been approved by Messrs. 
Hannay and Sons, of Blochairn Iron 
Works, the most extensive manufacturers 
of finished iron north of the Tweed, and 
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we understand that they have resolved to 
take a license from the patentee for work- 
ing it. Clarence forge iron and Consett 
white cinder iron is stated to have 
yielded at Blochairn bar iron of the first 
quality; and Dalmellington No. 4 forge pig 
iron gave a product which, as a single- 
worked plate, flanged perfectly in the 
cdld, and in which the sulphur was redu- 
ced to .04 per cent., and the phosphorus 
to .07 per cent., and in which the total im- 
purities only amounted to .12 per cent. 
In all iron which has been subjected to a 
puddling process, however, so much de- 
pends upon the manner in which the 
puddling is performed, that it is difficult 


to found an opinion on a few isolated | 


results. 


Within the last few weeks, Mr. Hender- | 
son has brought his process practically | 


under the notice of the proprietors of the 
Gilmont-Dupont Crespin Works at Blanc 
Misseron, in the North of France and of 
MM. Jowa and Cie., at Liege; and so 
satisfied were the proprietors of both 


works with the results, that they resolved | 


to institute trials themselves on a large 
scale. The patentee operated upon Gros- 


mont mottled pig iron, and is stated to 
have obtained No. 3, or best iron; on B. 
S. Newport, and obtained best, or No. 4, 
according tothe French classification; and | 


on Moselle pig iron containing 2 per cent. 
of phosphorus, and 1 per cent. of sulphur, 
obtaining from it finished iron classed as 
No. 3, or best. 

More recently Mr. Henderson has had 
some ofthe bar iron which was made 
from mixed numbers of Clarence pig at 
Blochairn converted into cast steel at 
Messrs. Stones and Campbell's Steel 
Works, Govan, near Glasgow. The first 
sample of this product was pronounced 
excellent by Mr. Stones. 
tool steel can by this process be made 
from Cleveland pig iron, and at a nomi- 
nal cost, or, at all events, at not more 
than the ordinary cost, then Mr. Hen- 
derson is on the high road to achieve a 
reputation probably equal to that of Mr. 
Bessemer ; but while we have every dis- 
position to regard the fluorine process 
favorably, we require to be in possession 
of far more extended and exact data as 
to its practical capabilities before we can 


speak of it in the sanguine tone which is | 


already adopted in some quarters con- 
cerning it. 


If really good | 


| REPORTS OF ENGINEERS’ SOCIETIES. 
| \ ASSACHUSETTS SOCIETY OF ARTS.—At a recent 
i meeting of the Massachusetts Society of Arts, 
the president J. D. Runkle, in the chair, Mr. Ed- 
| mund H. Hewins read a communication, well illus- 
| trated by photographs projected upon a screen by 
| the calcium light, on European and American 
bridges, and compared the cost and methods of 
building bridges in the two countries. 

It is now generally acknowledged that the 
“truss” is the form which admits of the greatest 
economy in the use of material; and yet there are 
some engineers who cling tenaciously to the old 
| plate or box girder. A few years since, an engi- 
| neer of wide reputation and large experience con- 
| demned a truss bridge, giving as a reason that the 
| peculiar construction would cause the iron to ery- 
| stallize from the trotting of horses over it. The 
bridge was consequently built as a plate girder, 
and the cost was more than fifty per cent greater 
than it would have been for a truss bridge. 

The days of tubulars, girders, etc., have substan- 
tially passed away; there will be no more Britan- 
nia or Victoria bridges; they stand as vast monu- 
ments of indomitable will and energy. All honor 
is due to Stephenson for building the bridge over 
the Menai Straits; considering the then limited 
knowledge of the use of iron in bridge building, it 
| is a monument worthy to make his name famous 
for ages to come. 

Brunel has done even more ; the Saltash is a con- 
| ception more gigantic, and as much a flight of 
| genius—a work which will remain when the other 
| is destroyed by time. 

Truss and lattice bridges now predominate, the 
latter being but a form of the first. 
| ‘The bridges of Europe are secured together by 
| almost innumerable rivets; the various parts being 


usually composed of plate and angle iron riveted 
| into box and other forms best calculated to resist 
the storms to which they may be subjected. The 
building of parts in this manner requires much 
care and is very expensive. : The rivet holes deduct 
a considerable amount from the strength without 
| reducing the weight. 
| Avstrut or tie composed of several pieces riveted 
together has not an effective strength proportioned 
| toits section, for it is impossible to bring the dif- 
| ferent pieces to an equal strain at the same time. 
| The engineer has here to make an allowance which 
is a very variable quantity. The ties and struts 
| are rigidly connected with the chords. 
Whenever a load comes upon «a bridge there 
| must be some deflection ; this causes a distortion of 
the form of each panel, end as the ties and struts 
are rigidly connected to the upper and lower mem- 
bers, a powerful leverage to bend them is the re- 
sult, and there is at the same time an increased 
strain upon the rivets. 

In the crossing of a railway train or other par- 
tial load, the counters, neccessarily, not being in 
readiness to receive their proper strains at the pro- 
per moment, allow an undulation which materially 

increases the bending strains upon the ties and 

| struts. This occurs every time a train or locomo- 
| tive crosses the bridge. 

The trusses used in American and European 

| bridges are very similar, the essential difference 

| being in details of construction, which in the Eu- 


| ropean bridge are very expensive, as so much hand 
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labor and fitting is required. A large amount of 
material is used which is mere dead weight, being 
of no use in sustaining the load or itself. The ac- 
tion of such a bridge is necessarily unsatisfactory 
from the fact that certain portions receive strains 
in practice which are not legitimate, and conse- 
quently must tend to shorten its life. 

The following data were collected in Europe by 
Mr. David Busk. The viaduct of Fribourg, on the 
Orleans railroad in France, is composed of eight 
spans of 160 ft. each, and has a height of 250 ft. 
above mean low water of the Sarine. The piers 
have a masonry foundation 89 ft. high, with a me- 
tallic superstructure of 142 ft. The total length of 
the viaduct is 1299.88 ft. and cost, above the ma- 
sonry, $366,000 in gold, or $282 per lineal ft. The 
figures for three other viaducts on the Orleans 

i are as follows :— 
The viaduct of the Bouble. 
6 spans of 164 ft. each, total length 
Height above masonry, average 
Cost per lineal ft. 
The viaduct of Bellou. 
3 spans, average length 140 ft., total .... 420 ft. 
Height above masonry 
‘Cost per lineal ft. 123 dols. 
The viaduct of Neuville. 
2 spans of 161.13 ft. each, total length. ..322.26 ft. 
Height above masonry............. ....136.18 ft. 
Dad per Maioal Be. .... occ 00s cee cocs oe ID GH 
Cost per lineal ft. ......... o eclie'tee SOO eee 


The American Truss Bridge instead of being 


bound together in one solid mass, is composed of 
various members, each independent of its neighbor, 
so far as it own work is concerned, each having a 
specific and defined duty to perform, and propor- 
tioned accordingly. By no change of temperature, 
or variety of loan in amount or position, can any 
but legitimate strains be imposed upon any part. 
The joints are made with pin connections, so that 
a deflection can bring no twisting or bending strain 
upon any of the parts—and though the form of 
each panel be very much distorted by an approx- 
imation to the breaking load, no excess over the 
proper strain can be brought to bear on the bridge. 
Each part is known to receive its proper strain at the 
proper time, as they are made adjustable in all di- 
rections, and by this means the vibration and un- 
dulation are reduced to a minimum. American 
bridges have astonished the world that such light 
structures should have so little deflection and undu- 
lation. 

American bridges are cheap to build. Most of 
the work is done by machinery instead of hand la- 
bor, and but little skilled labor is required. 

Work done by machinery does not cost one half 
as much per pound as work done by hand. Con- 
siderable expense is also saved in handling and 
erection. 

It is sometimes necessary to erect bridges over 
streams which are liable to rise suddenly and sweep 
away the temporary works. In such a case, the 
loss would be incalculable in time and money, if the 
bridge should be carried away. 

Our bridges—built as they are in parts which 
are seldom too heavy for two or three men to 
handle—can be erected in a very short time. 

A 200 ft. span could be swung clear of the stag- 
ing in three or four days, while the plate girder 





lattice, or European truss would require as many 
weeks. The average cost of railroad bridges in 
America is about one half as much in currency as 
European bridges cost in gold. 


ig INSTITUTE OF BRITISH ARCHITECTS.—A 
Paper was read by Captain Seddon (R.E.), On 
the Necessity and Method of Testing Building 
Materials. He contended that the most successful 
architect or engineer was he who obtained the 
most successful results with the least expenditure 
of money and labor. The great problem of the day 
was, how most successfully to economize money 
and labor. The extensive use of iron for construc- 
tive purposes might be said to have given birth to 
civil engineering, in contrast to architecture, and 
this had been attended with somewhat disadvan- 
tageous results. Perhaps architects had confined 
themselves too exclusively to the study of the 
beautiful, and engineers, affecting a superiority for 
such ideas, had too much neglected art. There was 
also a ministerial authority for banishing art from 
ordinary structures, and confining it only to 
churches. Whilst there was necessarily a radical 
difference between engineering and architecture, he 
thought the members of both professions would do 
better by working more together. In striving to 
obtain the best results from the least outlay of 
money and labor, architects and engineers both 
stood on the same footing; but it was a question 
whether they were sufficiently acquainted with 
the properties of the different materials which 
they employed. It might be said that there were 
handbooks in existence giving all needful informa- 
tion about materials and their properties; but he 
thought it must be admitted that their knowledge 
was not so satisfactory as could be wished. Exper- 
iments had mostly been tried on specimens which 
were too small, or were defective; and the results, 
therefore, were not reliable. Molesworth, the author 
of a handbook on Engineering Formule, differed 
considerably from Hirst, who had compiled an archi- 
tectural handbook respecting the tensile strain of 
materials; and there was, in fact, a mass of conflict- 
ing evidence on such subjects. Even the seasoning 
of the specimens tested would account very much 
for the different results arrived at, and a natural 
adhesion of the fibres made a vast difference. Not- 
withstanding the experiments and researches of 
Mr. Kirkaldy, it was clear that there was yet a 
great deal to be learnt about iron, and miisconcep- 
tions prevented what could only be swept away by 
a series of practical experiments. Iron was now 
forcing its way everywhere; and it was requisite 
that they should not merely order a girder, but 
also be thoroughly acquainted with the material, as 
there was nothing oe teamineen to trust to as iron, 
and no material which admitted of so much decep- 
tion on the part of the dishonest manufacturer. The 
different strength and properties of various de- 
scriptions of iron wereremarkable. In order to in- 
sure having a proper kind of iron, they should get 
it tested beforehand ; the elasticity and ductility 
of the metal must be ascertained, in addition to its 
compressive and tensile strength. Many obsolete no- 
tions about iron were still retained, and cold grey 
iron was supposed to be required for particular pur- 
— ; but they did not get it from the contractors. 

he effect of different degrees of temperature upon 
the ductility of iron was worthy of inquiry. When 
subjected to 'great heat, iron would lose its ductili- 
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ty; and it was injurious to expose a hard metal to 
extreme cold. In the forging of iron rivets great 
attention was necessary, and they were liable to be 
injured by remaining in the fire too long. With re- 
gard to wood, he called attention to various exper- 
iments which had been made on large sections, and 
the results, he thought, would be different from 
those arrived at in experimenting on 2 or 3-in. 
specimens. In testing building stones the recorded 
results differed very widely, so that if they trusted 
to a handbook, the strength of their materials 
might be supposed to depend upon what particular 
work they consulted. A preference was frequent- 
ly exhibited for Coreham Down stone over Boxford 
ground stone, but it was doubtful whether any 
superiority existed; only one description of stone 
was more expensive because it was more difficult 
to procure. The artificial dressing of stone should 
not be resorted to. With regard to the strength of 
sandstones, the information upon the subject was 
very meagre and unreliable; and it was clear 
that more knowledge was required respecting the 

ial qualities of different kinds of stone and 
their applicability to different uses. In experiment- 
ing upon stone, they ought to know all about it — 
the quarry where it came from, and perhaps even 
the particular bed in the quarry. He also advoca- 
ted a careful series of experiments upon the artifi- 
cial stone called concrete, which he believed would 
be very useful; and contended that architects 
should do all in their power to carry out a careful 
course of experiments for the purpose of testing the 
various materials they employed, as by these means 
all doubts and doubtful theories might be cleared 
away, and conclusive results obtained. He would 
recommend a visit to Mr. Kirkaldy’s testing works 
at Southwark; his machinery was so perfect, that 
his experiments might be depended upon. It was 
by men of Mr. Kirkaldy’s stamp that the world 
had been benefited; but the world often forgot its 
benefactors. Then came the question, who should 
pay for the experiments? He replied—the manu- 
facturers, and those who wished to supply mater- 
ials; they ought to send them to Mr. Kirkaldy’s 
works to be tested beforehand. The cost of the 
experiments would then fall upon the right shoul- 
ders, and he believed this plan had been already car- 
ried out to some extent. 


SSOCIATION OF ENGINEERS IN GLASGOW.—At 
the monthly meeting of this Association—the 
President, Mr. John Sutherland, in the chair—Mr. 
Alexander Reid read a paper on “Time Allowan- 
ces for Yachts in Racing,” in which he alluded at 
considerable length to the various methods employ- 
ed in computing the scales of allowances in this 
country and in different parts of America. The 
principles on which these various scales are con- 
structed were carefully examined, and the insuffi- 
ciency of most of them to meet all cases clearly 
shown. It was maintained that, as the most correct 
means, the allowances should be made in proportion 
to the displacement of the vessels. A discussion 
followed the reading of the paper, in which there 
was much interest taken. 


aris Society or Crvi, ENGINE ERS.—At a re- 
cent meeting a report was received from M. 

P. Thomas, which he had been instructed to make 
on the new oxyhydric light of M. Tessie du Motay. 
The report is limited to a technical examination, 





apart from the ecconomical question, and the fol- 
lowing are the conclusions arrived at:—1.' Theo- 
retically, the combustion of oxygen does not in- 
crease the illuminating power of a given volume of 
gas. 2. Practically, however, it enables a burner 
to consume four times the quantity of gas that can 
be burnt in air, without detriment to the utiliza- 
tion of the light developed. In particular, it rea- 
lizes the entire luminous capacity of gases, how- 
ever rich, in almost any quantity. 

Consequently, it would be disadvantageous to 
supply it for ordinary street-lighting, on account of 
the limited consumption of the burners in use. 

Its use presents no other great advantage, except 
as to the beauty of the light, for small burners sup- 
plied with very rich gas. 

But it is very advantageous—and the more so in 
direct proportion to the richness of the gases em- 
ployed—for great centres of light (sun-burners, etc.), 
where a large volume of gas my be consumed 
without loss. With reservations in relation to the 
proportion of the total quantities of gases consumed 
(oxygen and hydrogen) and the resulting illumina- 
ting power developed. 

The foregoing is not the only report to be made 
upon the subject, as M. Leblanc, it is understood, 
is commissioned to report thereon for the city au- 
thorities. 


ne Roya Socrety.—The “ Decomposition of 
Water by Zinc in conjunction with a more 
Negative Metal” was the title of a paper by 
Messrs. J. H. Gladstone, Ph. D., and Alfred Tribe, 
F. C. 8. Pure zinc is incapable of decomposing pure 
water, even at 100 deg. Cent., but at a consider- 
ably higher temperature it is known to combine 
with its oxygen. Davy exposed pure water for 
two days to the action of a pile of silver and zinc 
plates, separated only by pasteboard, without ob- 
taining any hydrogen; Buff, however, had shown 
that a very minute trace of gas can be formed at 
the ordinary temperature by a pair of zinc and 
platinum plates. By bringing the metals close 
together, and thus increasing the electrical tension 
of the liquid, the authors could effect the same 
combination of zinc with oxygen at the ordinary 
temperature which takes place, without the sec- 
ond metal at a very high temperature. On thin 
sheets of zinc and copper being hammered togeth- 
er, and placed in a bottle filled with distilled 
water, small bubbles of gas were formed ; the same 
result obtained when the experiment was tried in 
amore perfect form. Under the microscope the 
bubbles of gas are seen toform, not on the zinc, but 
among the copper crystals, and sometimes to make 
their appearance on the glass at some distance off. 
Lest it might be contended that the free oxygen 
usually present in distilled water had been the 
means of starting this action, the experiment was 
repeated with water.as free from oxygen as could 
be obtained by boiling. Iron und lead under 
similar circumstances, also decomposed pure water, 
and the action of magnesium was greatly increased 
by conjunction with copper. The effect of the 
more negative metal was the same as would have 
been produced by an increase of heat. From a 
practical point of view this experiment may serve 
as a y means of preparing pure hy m5 
from a theoretical point of view its interest seems 
to lie in the fact that the dissociation of a binary 
compound by means of two metals may take place 
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at infinitesimally short distances, when it would | 
not take place were the layer of liquid enough to 


offer resistance to the current, and also in the corre- | 
| have given a great impetus to the production of 


| iron in the United States. 


lation between this force and heat. 


IRON AND STEEL NOTES. 


RITISH IRON TRADE.—It is a matter of great 
interest to the British iron trade to inquire 
what are the future prospects of the American 
demand for British iron, and especially British 
railway iron. 
the United States in the first three months of this 
year compared as follows with the exports of the 
corresponding ill riods of 1871 and 1870: 


Month. 1870. 


Tons. 

28,264 
32,784 
41,917 


28,648 
53,181 
41,175 


January. 
Februsz ary. 


Total.... 129,605 


80,789 | 102,965 


It will Lisi seen that while the anal presented 
aslight advance in January, as compared with 
January, 1871, and a considerable advance in 
February, as compared with February, 1871, they 
reflected in March a slight check in the American 
demand for our railway materiel. 
questions, which now awaits solution, is whether 
this check is attributable to the higher and 
higher prices which have gradually become current 
for British iron, and whether, under the circum- 
stances now existing, the Transatlantic demand is 
likely to be maintained :t its present or former 
level. The gravity of this question will at once be 
seen by the annexed analysis, indicating the pro- 
portion borne by the exports of our railway iron 
to the United States to the corresponding exports 
in all directions: 


Quarter ending 


March 31. 1870. 


1871. 


Tons, 
201,321 
129,605 


Tons. 
174,479 
102,965 


Tons, 
209,151 


Whole export .. | 
80,789 | 


To United sm 
| 128,362 | 71,514 
1 | 


Balance 71,716 


These figures indicate two results—first, the ex- 
treme relative importance of the American demand; 
and secondly, a ‘great falling off in the general ex- 
ternal demand for our railway iron. There can, 
we fear, be only one conclusion formed from an 
examination of the statistics, viz., that high prices 
are producing their usual inevitable result of re- 
stricting consumption. It is time, in short, that 
the British iron trade—and especially the opera- 
tive members of it—should understand that 
quotations for iron cannot go on advancing 


The exports of our railway iron to 
po: y | 


The question of | 
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| forever, without frightening avery, intending pe 
* 


chasers. 
The dearness of English iron would appear to 


In 1871, the make of 
pig iron in the great Republic was estimated at 
1,912,608 tons ; this total was scarcely so large as 
the corresponding figures for 1869; but when we 
go back to 1861, we see that very great progress 
has been made in the manufacture of American 
pig iron, the output for 1861 having been only 
731,544 tons, or considerably less than one-half the 
total attained last year. In 1871, the United States 
imported 572,386 tons of rails, of which 511,059 
tons were supplied by Great Britain, the balance 
of 61,327 tons being obtained principally from 
Belgium. In the same year, the Americans made 
themselves 775,733 tons of rails, four states sup- 


=| plying more than 50,000 tons each, viz., Pensyl- 


vania, 335,604 tons; Illinois, 91,178 tons; New 
York, 87,022 tons; and Ohio, 75,782 tons. The 
Americans possess almost inexhaustible supplies 
of coal and iron minerals, and their metallurgical 
industry, already important, might acquire, in a 
few years, a very great development, if prices 
continued high in Europe. The Americans have 
not imported large quantities of English rails be- 
cause they cannot make rails for themselves, but 
simply because it has hitherto been cheaper to im- 
port rails from Great Britain than to make them 
—at any rate, in every case—at American rail 
mills. Destroy the cheapness of English railway 
material, and you cripple and restrict the market 
for it in the United States; and not only the mar- 
ked for it in the United States, but the market for 
it throughout the world. This is a consideration 
calling for the most earnest attention on the part 
of all connected with the British iron trade.— 
Colliery Guardian. 


gap AND FRENCH STEEL.—The “ Bulletin 

of the French Committee of Forges” gives an 
interesting comparison on the production of steel 
in Germany and France. The former country pro- 
duced, in 1860, 25,312 tons, and in 1869 not less 
than 163,319 tons of cast steel, being 6.37 times 
more than 9 years before. From 1864 to 1869 
France, however, saw her production of steel, 
principally Bessemer steel, multiplied 29 times, 
which was in 1869 actually 52,000 tons. The first 
half year of 1870 shows a production of 44,419 
tons, and when the steel industry of France shall 
have overcome once more the difficulties which it 
has suffered under the war, her annual steel pro- 
duct may be estimated at 90,000 tons. Germany 
increases her number of steel works almost daily, 
and will most likely remain ahead of France for 
some good time to come. 

The Terrenoire Works are stated to have for- 
warded steel rails to the United States last year 
to the value of $150,000. This is believed to be 
the first occasion upon which French works have 
established business relations with the American 
railway interests. 


HE territory ceded by France to Germany con- 
tains 25 blast-furnaces, producing annually 
555,000 tons; and 9000 hectares of coal and iron- 
stone beds, of a yearly yield of 180,000 tons. An 
iron-masters’ association in the Longwy district 
contemplates the erection, in France, of new works. 
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RAILWAY NOTES. 


W HARTON RAILWAY Switcu.—This new thing 

under the sun presents many desiderata, 
indispensable to such appliances for assuring, at 
once, safety, economy, and ease of operation. 

Prominent among its excellencies is the fact of 
its granting switch facilities without breaking the 
main line and endangering through travel. For 
those unacquainted with the peculiar difficulties 
besetting the accomplishment of such an object, 
the above statement may not carry weight; but 
to experienced railway men it is interesting and 
valuable. 

In construction, this switch is simple and pe- 
culiarly enduring,—all the wearing parts being 
of solid steel and only borne upon by cars enter- 
ing or leaving sidings, the main track (by a pe- 
culiar and new arrangement) being used exclu- 
sively by the trains running over it without in 
the least affecting the “switch track.” In practi- 
cal operation it affords what is still more valuable, 
viz.: perfect security to trains in case it is left 
wrong, either accidentally or by malicious design, 
—for your switch-tenders will sometimes take a 
fancied revenge upon their employers by such 
dastardly means, and in all such cases no injury 
is done to the switch itself. Targets and signals, 
moreover, for indicating the position of the switch 
on double-track roads, are dispensed with; while on 
single-track roads it wil not remain set for a sid- 
ing, should the tender forget his duty. 

Without diagrams it is almost or quite impos- 
sible to convey any full idea of the movements of 
this invaluable invention ; and we are compelled to 
forego a detailed description of it for that very 
reason. In general, however, we call attention to 
one rather important feature: ‘None of the acci- 
dents heretofore so frequent from the bending or 
breaking of connection-rods, or of any of the mov- 
ing parts, can possibly ensue in the use of the 
Wharton switch, since the main track is abso- 
lutely immovable (being spiked to the cross-ties), 


and for other reasons unexplainable without illus- | 


trations. 

This invention is presented to the public with 
the commendations of several practical railway 
managers—prominent among them being Hon. 
Thos. A. Scott, of the Penn. R.,—who attest its 
trustworthiness. Mr. Scott certifies: 
ful “experiment upon our road at several points 


where it could be most thoroughly tested, we | 
We have con- | 


think it adapted to all our wants. 
cluded to adopt it on our own and our leased 
roads, and will give it place as rapidly as we can. 


I believe it will prove of great practical value to | 


all railways.” 

Such an indorsement has valuable significance 
both to the owners of the invention and to a grand 
army of railway builders or projectors. 


N ImpPporTANT PENNSYLVANIA NARROW 

GAvuGE.—In pursuance with the charter, the 
Montrose Railway Company was organized April 
27,1871. At the first meeting of the Directors, 
May 27, 1871, it was directed that the engineers 
survey and locate from Tunkhannock to Montrose. 
The report of its President, James L. Blakslee, 
Jan. 8, ult., shows a favorable prospect for the 
completion of the road by August next. The Le- 
high Valley Railroad Company has agreed to fur- 


After care- | 


nish the rails, ties, spikes, and splices as soon as 
the grading has been completed and paid for; 
agreeing, also, to receive their pay in stock at par. 

The Engineer reports that the survey com- 
menced May 15, 1871. The work is now under 
contract and progressing favorably. Length of 
road, 27 )\2,miles. Commencing at Tunkhannock, 
the first summit is found at 474, miles; average 
ascending grade per mile (excluding levels), 98 ft. ; 
the next summit is 7;°4; from Tunkhannock, as- 
cending grade 26 ft.; the grade then descends to 
Meshoppen Creek, 10; miles, with average de- 
scent of 40 ft. per mile. The next summit is 16;4%5 
miles; average ascending grade from Meshoppen 
Creek, 85 ft. From this summit this grade is level 
for 1 mile. From this to the next, 1945, miles, 
the average ascending grade is 71 ft. per mile. 
From there to the next summit (23 4, miles from 
Tunkhannock), the grade is undulating, nowhere 
exceeding 85 ft. ascent and 63 ft. descent. From 
the latter to Montrose it is also undulating, nowhere 
exceeding 80 ft. ascent and 60 ft. descent. There 
are two 18 deg. curves—all the others being only of 
16 deg. There will be two bridges, each of 100 ft. 
—one spanning the canal at Tunkhannock and the 
other, Meshoppen Creek. Also 600 ft. of trestling 
of average height of 26 ft. The road is under con- 
tract to be built ready for track laying for $101,- 
000, which sum can be taken for approximate cost 
of grading, masonry, bridges, ete. The estimated 
cost per mile is $5,733. Total cost, including roll- 
ing stock, equipments, station houses, etc., $341,- 
478. The gauge adopted is 3 ft. Says the Presi- 
dent, in summing up: 

The probabilities of this road paying fair dividends 
can be inferred from the following facts: 

It passes through the centre of the populous county of 
Susquehanna, which is a rich agricultural region, with 
but little waste land. The farms are all well improved 
and the land is specially adapted to dairying and gra- 
zing. The road makes available the valuable water 
power ut the outlet of Marcy’s pond, and on the Meshop- 
pen Creek. It runs into the borough of Montrose, the 
| county seat of Susquehanna county, which is a flourish- 
ing business and manufacturing centre, and has no other 
railroad communication, 





Estimate of the annual revenue and expenses: 
| From freight on 12,000 tons of coal, at $1.25... $15,000 
| On 12,060 tons lumber and bark, at $1.00... 12,000 
| On 12,000 tons miscellaneous, at $1.60 19,200 
From passenger: 12,000 
| From mail and express,.......0.0.002++ »2+2. 4,000 


ee 
For operating and maintaining road, 
etc ° .. $28,000 
For dividends, 10 per cent, on the 
capital of 342,000 


$62,200 


$62,200 


J ip RAmLwAy INTEREST.—It has lately been 
: shown that 14,247 miles of railway are now be- 
| ing worked in the United Kingdom, on which have 
| been expended a sum of more than £500,000,000, 
| which is 5 times the amount of the annual value of 
| all the real property of Great Britain, and 3 of the 
| national debt. The gross net annual revenue of 

the railways in this country, after deducting all 

working expenses, exceeds £22,000,000, more than 
| the total revenue from all sources of Belgium, Hol- 
| land, Portugal, Denmark, Sweden, and Norway. 
| The companies have in their direct employment 


| more than 100,000 officers and servants. The value 
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of the rolling stock exceeds £30,000,000. The con- 
sumption of coal and coke by railway engines 
amounts to between 2,000,000 and 3,000,000 tons a 
year; so that in every minute of time throughout 
the year, above 4 tons of coal are consumed, and 20 
tons of water are flashed into steam. The con- 
sumption of fuel is about equal to the amount of 
coal exported from Great Britain to foreign coun- 
tries. There are more than 3,000,000 tons of iron 
laid down in rails alone, and the chairs would 
weigh nearly 1,000,000 tons; so that there are not 
far short of 4,000,000 tons of iron on the permanent 
ways of the United Kingdom, and of these about 
30,000 tons of rails have to be every year replaced. 
No one will deny that our railways make a figure 
in the world. 





ENGINEERING STRUCTURES. 


HE TUNNEL UNDER THE MERSEY.—The tunnel 
which is to connect Birkenhead and Liverpool 
has been commenced. The trade in the Birkenhead 
Docks has been very much retarded for the last few 
years, and prevented from ever attaining its proper 
dimensions by the want of sufficient means for the 
transit of goods from Liverpool. The tunnel ac- 
cording to the “Birkenhead and Cheshire Adver- 
tiser,” will be about 3 miles in length, about 
one-third of which will be under the bed of the 
river Mersey, and will connect nearly all the rail- 
ways in England with the Birkenhead Docks. The 
preliminary operations for the formation of the tun- 
nel have been completed. A hoarding has been 
erected on the South Reserve land, between Shore- 
road and the river, close to Woodside Ferry, and on 
Monday a number of workmen commenced prelim- 
inary operations for sinking a shaft in order to at- 
tain a depth of 70 ft. below the bed of the river, at 
which point the cutting of the tunnel railway will 
be undertaken. The tunnelling will be performed 
with two machines, each of which will make a cut- 
ting 15 ft. in diameter with a pressure of 30 horse- 
power engines. Two other shafts will be sunk on 
the Birkenhead side, one on the upper side of Shore- 
road, and the other between the gasworks and 
Green-lane, Tranmere, where will be situated 
what may be called the Cheshire terminus, the line 
there joining the Birkenhead and Cheshire railway, 
thus giving direct access from London into 
Liverpool, under the Mersey. “As most of the ma- 
terials dislodged in the cutting will be brought to 
bank at Birkenhead, it will be some time before the 
work commences on the Liverpool side, the only 
materials to be brought up there being those dis- 
placed in the downward shaft, which will have to 
be driven in order to reach the eastern end of the 
tunnel. This will be next the Harbor-master’s of- 
fice. It is anticipated that, unless serious geological 
“faults” are met with, the cutting of the tunnel, 
which is to accomodate a double line of rails, will 
be completed in two years. 


i AILWAY BRIDGES IN CANADA.—We have the 
following from the Toronto “ Globe :” 
“Survey and soundings are completed for the pro- 

posed railway bridge over the Ottawa River, above 

the Chaudiere. A very feasible route gives a bridge 

3,400 ft. long, 2,000 ft. of which will be on land 

at low water, not over 5 ft., and the depth in the 

channel is less than 20 ft. 





“The engineers employed in taking soundings 
for the proposed bridge across the St. Lawrence, 
between Prescott and Ogdensburg, have comple- 
ted their labors. The bridge will be 3,000 ft. long, 
and the piers will have to be sunk in 80 ft. of 
water.” 


age ren Vrapvuct.-A magnificent iron bridge 

at Rosendale, N. Y., begun in September 
last, is completed. It carries the Wallkill Val. R. 
across the valley of Rondout Creek and over the 
Del. & Hudson Canal, running through it. The 
country being mountainous, the bridge is neces- 
sarily put at a very great height above the level of 
the valley; giving to the structure a picturesque 
appearance, while its substantial workmanship al- 
lays the apprehensions of the most timid traveller. 

The superstructure is of the undergrade or 
“deck” kind; comprising seven wrought iron 
spans of the Post patent, with two short wooden 
spans at itssouth approach. Of the iron spans, 
respectively, four are 150 ft. ; two, 100 ft.; and one, 
76 ft. long; the two of wood being each 50 ft.—a 
total of 976 ft. The trusses are 22 ft. high and 
14 ft. apart. A moving load of 3,000 lbs. per lineal 
foot of bridge, together with the weight of the 
structure itself, does not tax the bridge to more 
than one-sixth its capacity. The spans rest on 
piers, each made up of 6 rectangular wrought-iron 
pillars trussed with diagonal bracings, arranged so 
as to obtain the greatest possible rigidity ; the iron 
piers resting upon solid masonry. The height of 
the bridge between grade line and the water is (at 
the highest point) 142 ft. The piers are, respec- 
tively, 14, 80, 100, 145, 80, 65, and 35 ft. from the 
ground to underside of the truss. The iron part 
weighs about 585 tons,—385 distributed among the 
different spans and the rest among the piers. The 
cost is: Ironwork about $175,000, and masonry 
about $50,000. 


BOOK NOTICES. 


CIENCE PRIMERS FOR ELEMENTARY SCHOOLS. 
Under the joint editorship of Professors Huxley. 
Roscoe, and Stewart. (In 18mo, cloth limp, 50c. 
each.) Macmillan & Co., 1872. For sale by Van 
Nostrand. 

Of this interesting series of little books, three have 
appeared, and the announcement of others is short- 
ly promised. We have an introductory discussion 
by Professor Huxley, and the set of manuals com- 
mences with Chemistry by Professor Roscoe, and 
Physics, by Dr. Balfour Stewart. We are inform- 
ed that in publishing the Science Primers on Chem- 
istry and Physics,the object of the authors has 
been to state the fundamental principles of 
their respective sciences in a manner sui 
to pupils of an early age. They feel that the thing 
to be aimed at is not so much to give information, 
as to endeavor to discipline the mind in a way 
which has not hitherto been customary by bring- 
ing it into immediate contact with Nature her- 
self. For this purpose a series of simple experi- 
ments has been devised leading up to the chief truths 
of each science. These experiments must be perform- 
ed by the teacher in regular order before the class. 
The power of observation in the pupils will thus 
be awakened and strengthened; and the amount 
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and accuracy of the knowledge gained must be 
tested and increased by a thorough system of ques- 
tioning. 

This is a novel and ambitious programme: but 
when Professors Huxley, Roscoe, and Stewart lay 
their heads together for the production of education- 
al hand-books, something unusual may beexpected. 
Hence, in the little volume of Chemistry, of little 
beyond a hundred pages, the reader’s mind is led 
step by step from the consideration of one of the 
simplest processes—the burning of a candle—up to 
that of chemical proportions, weights, combinations, 
and equations. For the results aimed at, this method 
is perfect, and takes the learner through familiar 
departments, designated fire, air, water earth, non- 
metallic elements and metals. 

Similarly, in Professor Stewart’s little volume, 
the same gradation in the nature of the experiments 
is kept in view successively through the discussion 
of natural forces, solids, liquids, gases, motion, vi- 
bration, heat, and electricity. 

We are certain that in the manner followed, the 
alphabet of science may 'be taught to school-boys, 
and the means of intelligent observation afforded in 
a way that has never been hitherto exhibited. This 
is infinitely superior to the meagre and ill-digested 
smattering of all the sciences conveyed in too many 
schools and popular lectures. 


TCHLEY’s ESTIMATE AND Prick BooK FOR 
1872. By W. Davis Haskoll, C. E. ete. Lock- 
wood & Co. For sale by Van Nostrand. 

This valuable work maintains its character. Of 
the amount and diversity of its contents a fair ac- 
count is embodied in the title-page, running thus: 
—Atchley’s Civil Engineer’s and Contractor’s Esti- 
mate and Price Book for Home and Foreign Ser- 
vice; in reference to Roads, Railways, Tramways, 
Docks, Harbors, Forts, Fortifications, Bridges, 
Aqueducts, Tunnels, Sewers, Water-works, Gas- 
works, Stations, Barracks, Warehouses, etc., etc., 
etc. With specifications for Permanent Way, for 
Telegraph Materials, and for Works, Plant, Main- 
tenance and Working of a Railway ; and an Alpha- 
betical Priced List of Machinery, Plant, Tools, and 
Fittings required by the Contractor in the execu- 
tion of Public Works. The work is well printed on 
above 200 pages (demy 8vo). There are 30 wood- 
cuts and 3 full-page plates. From obvious causes, 
books of this class are almost invariably high-priced; 
this, on the contrary, is uncommonly cheap, and 
therefore may fairly demand that extensive circula- 
tion among intelligent workmen which its merits 
so highly deserve. 


DVANCED TEXT-BOOK OF GEOLOGY: Descriptive 
and Industrial. By David Page, LL. D., F.G.S. 
etc. Fifth edition, revised and enlarged. Wm. 
Blackwood and Sons, 1872. For sale by Van Nos- 
trand. 

_ The first edition of this admirable work appeared 
sixteen years ago. It has raised its author from 
the position of an altogether extra-academical man 
to that of Doctor of Laws, and to the yet more 
honorable and important position of Professor of 
pene 4 in the College of Physical of Science, New- 
castle University of Durham. It is beyond all 
comparison the best text-book for learners in geolo- 
gy which was ever written in any language. In 
the short preface to the present edition, Dr. Page 
says :—“ This edition has been enlarged, 1st, to em- 





brace whatever is new and important in the science ; 
2d, to afford space for additional illustrations; and 
3d, to combine, as far as possible, the principles 
with the deductions of geology. We reason our 
way to the past through our knowledge of the 
present, and our descriptions of former epochs be- 
come more intelligible and impressive when viewed 
through the medium of existing phenomena. For 
this purpose there have been inserted such notices 
of operations now in progress as seem to bear on 
the subjects under review —and this in subordinate 
type, and in such a form as not to interfere with 
the continuity of the original textual arrangement. 
These small-type paragraphs should be read with 
care by the student, for in them he will frequently 
find the key to the geological problem he is en- 
deavoring to unravel. On the whole it has been 
the aim ot the author to improve rather than en- 
large—to keep the volume abreast with the latest 
discoveries and advancing views of our leading 
geologists, and yet to prevent it from exceeding the 
limits of a compendious text-book.” The illustra- 
tions, the text, and the valuable glossary and index, 
all bear traces of extension and improvement. 


HE CHEMICAL PHENOMENA OF IRON SMELTING. 
By I. Lowthian Bell. London: E. & F. N. 
Spon. One volume, octavo, 435 pages, cloth, $6.00. 
Sent post paid by mail on receipt of price. For sale 
by D. Van Nostrand. 

The character of this excellent work may be 
judged from the essays of Mr. Bell republished in 
this magazine, fron the “ Journal of the Iron and 
Steel Institute.” 

The thoroughly scientific character of the trea- 
tise, entitles it toa high position in technical litera- 
ture, while the great importance of the subject will 
demand that all who have even the most general 
interest in the progress of practical science should 
acquaint themselves with the investigations of Mr. 
Bell. 

In evidence of the thoroughly practical character 
of the work, we quote the following from the 
“ London Mining Journal:” 

“The reactions which take place in every foot of 
the blast-furnace have been investigated, and the 
nature of every step in the process, from the intro~ 
duction of the raw material into the furnace to the 
production of the pig iron, has been carefully as- 
certained, and recorded so fully that any one in the 
trade can readily avail themselves of the knowledge 
acquired; and we have no hesitation in saying that 
the judicious application of such knowledge will 
do much to facilitate the introduction of arrange- 
ments which will still further economize fuel, and 
at the same time permit of the quality of the re- 
sulting metal being maintained, if not improved. 
The volume is one which no practical pig iron man- 
ufacturer can afford to be without if he be desirous 
of entering upon that competition which nowa- 
days is essential to progress, and in issuing such a 
work Mr. Bell has entitled himself to the best 
thanks of every member of the trade.” 


A Text-Book For ARCHI- 


| prt ne aetna $ 

TECTS AND SURVEYORS.—Mr. Banister Flet- 
cher has revised and reprinted, in a neat volume, 
his series of articles on dilapidations which ap- 
peared in the “ Building News” the latter part of 
last year, and has added thereto a list of the cases 
cited, an elaborate analysis of contents of each 
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chapter, and an exhaustive index. The work 
shows who are liable for dilapidations, what are 
dilapidations and waste, and instructs surveyors 
how to take and value them; it is illustrated by 
examples drawn from the author’s experience, and 
gives the latest legal decisions. It is, in fact a 
text-book and astandard work of reference for the 
architect and surveyor on matters appertaining to 
dilapidations. For sale by Van Nostrand. 


NNUAL RECORD OF SCIENCE AND INDUSTRY 

FoR 1871: Edited by Spencer F. Baird. New 
York: Harper & Brothers. For sale by Van Nos- 
trand. 

This is designed to fill the place of the “ Annual 
of Scientific Discovery,” the publication of which is 
discontinued. 

To the scientific reader or writer, such a yearly 
record is indispensable. 

The matter and its arrangement is substantially 
the same in character as that of the Annual, with 
whose features we have been so long familiar. 

The typography of the present volume is an im- 
provement upon that of its predecessor. 

It is to be hoped that the success of the Record 
will be such as to encourage the publishers to con- 
tinue the series. 


TREATISE ON RAILWAY CURVES AND Loca- 
TION. By E. W. Beans, C. E.: Philadelphia: 
Henry Carey Baird. For sale by Van Nostrand. 
This little book contains a series of propositions 
covering such properties of the circle as are gener- 
ally employed by railway engineers in the location 
of curves. It contains but little that is new, and 
nothing that we could consider an improvement 
upon the matter already in print in American 
Field books. The methods given are concisely 
stated, but are lacking somewhat in logical arrange- 
ment. The illustration’ are abundant and good. 


PECTRUM ANALYSIS EXPLAINED. Profs. Schellen, 
Roscoe and Huggins. Boston: Lee and Shep- 
ard. For sale by Van Nostrand. 

This is No. 3 of the “ Half-hour Recreations in 
Popular Science.” , We know of no form in which 
so much sound information is afforded for the 
price, ag,in this new series of pamphlets. The 
present ber will probably prove the most at- 
tractiv: far to the general reader, containing as 
it does lete exposition of this most fascina- 
ting depggtment of research, with elegant illustra- 
tions. f 


MISCELLANEOUS. 
LLOys.—M. Gurttier, in his work on metallic 
alloys, gives the following directions, which 
are very valuable, as they are the results arrived at 
after large experience. 

1. To heat the crucible to a red or sometimes a 
white heat, and then to melt the /east fusible of the 
metals composing the alloy. After fusion to heat 
this metal to such a heat, that it will bear the ad- 
dition of the next least fusible metal without too 
great a reduction of temperature. 

2. To introduce the metals into the pot strictly 
in the order of their resistance to fusion, each metal 
being properly melted before the next is added. 
The danger in first melting one of the most 





fusible metals lies in the fact that it would most 
probably volatilize and become oxidized; this would 
be a source of great waste. 

3. To heat each charge of metal thoroughly be- 
fore adding it to the pot, thus avoiding as far as 
possible the reduction of the temperature of the 
metal in the crucible. 

4. When the proportion of zinc is large and some 
of the component metals have a high point of fu- 
sion, the alloys should be covered with a layer of 
charcoal dust. If the alloys are rich in tin, the 
surface of the melted metal should be covered 
with sand. 

5. To stir the metal before casting, and if pos- 
sible when casting, with a white-wood stick; this 
is much preferable for the purpose to iron. 

6. If possible, to add a small proportion of old 
alloy to the new one. If the alloy is required to 
make sharp castings, and strength is not a very 
great object, this proportion of old alloy to the new 
should be increased. In all cases a new, or 
thoroughly well cleaned crucible should be used. 


ene Ivory.—Having seen queries in “Ours” 
relating to this subject, and having some expe- 
rience in it, I append a few directions which may 
be useful to some of “ our” readers. 

Black.—Lay the article for several hours in a 
strong solution of nitrate of silver, and expose to 
the light, or boil the article for some time ina 
strained decoction of logwood, and then steep it in 
a solution of acetate of iron. An easier method: 
immerse frequently in ink until of sufficient depth 
of color. 

Blue.—Immerse for some time in a dilute solu- 
tion of sulphate of indigo, partly saturated with 
potash, and it will be fully stained. 

Green.—Boil in a solution of verdigris in vinegar 
until the desired color is obtained. 

Red.—Dip the articles first in the tin mordant 
used in dyeing, and then plunge into a hot decoc- 
tion of Brazil wood—half a pound toa gallon of 
water—or cochineal, or steep in good red ink until 
sufficiently stained. 

Scarlet.—Use lac-dye instead of the preceding. 

Violet—Dip in the tin mordant, and then im- 
merse in a decoction of logwood. 

Yellow.—Impregnate with nitro-hydrochlorate of 
tin, and then digest with heat in a strained decoc- 
tion of fustic, or steep for 24 hours in a very strong 
solution of the neutral chromate of potash, and then 
plunge for some time in a boiling solution of ace- 
tate of lead. 

Horn and bone must be treated in the same 
manner as ivory for the various colors given above. 


genes SreEL Currina Toors.—The best 

way is to heat the articles in a coke fire to a 
blood red heat, and then plunge them into a solu- 
tion of salt and water, containing one pound of salt 
to a gallon of water; then polish the articles, heat 
them over gas or otherwise, till the polished parts 
assume a pale straw or gold color, and then cool 
them in the salt.and water, if this is well managed, 
it will make tools to cut anything. The lead pro- 
cess is generally used for hardening files. Best 
tool {steel would not harden by the lead process 
and stand tempering. Coke fire is generally used 
for tools for cutting purposes, and I think this pro- 
cess will best answer the purpose.— Correspondent 
Mechanics’ Magazine. 








